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due  to  freezing  and  thawing.  Maintenance  of  the  surface  cracks  and  spalled 
areas  is,  therefore,  essential. 

In  relation  to  present-day  criteria,  almost  all  of  the  monoliths  on  the  land 
wall  are  inadequate  in  their  resistance  to  overturning  and  base  pressures.  In 
general,  the  monoliths  in  middle  and  river  walls  are  inadequate  in  their 
resistance  to  overturning.  This  is  especially  true  for  the  middle  wall  mono- 
liths in  the  dewatered  case.  The  miter  sills  are  inadequate  for  sliding  if 
the  locks  are  dewatered. 

The  stress  in  the  culvert  wall  of  monolith  M-8  is  greater  than  800  psi  tension. 
This  tensile  stress  is  too  large  and  will  crack  the  concrete.  This  allows  a 
stress  flow  up  through  the  center  of  the  monoliths,  thereby  causing  cracking. 
This  hypothesized  condition  for  cracking  should  be  checked  by  inspecting  the 
culvert  walls  as  soon  as  possible. 
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a.  Minimum  maintenance  and  protection  of  the  locks  and  dam  from  weathering 
with  expected  replacement  when  needed  as  determined  by  periodic  inspection. 

b.  Rehabilitation  of  locks  and  dam. 

c.  Replacement  of  locks  and  dam. 

The  above  recommendations  may  be  affected  by  a total  structural  and  operational 
evaluation.  In  fact,  this  study  does  not  evaluate  the  foundation,  steel  gates, 
bridgework,  lock  gates,  or  appurtenant  mechanical  or  electrical  facilities. 
These  will  be  considered  by  the  Pittsburgh  District  in  the  overall  evaluation 
of  the  locks  and  dam. 
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ENGINEERING  CONDITION  SURVEY  AND  STRUCTURAL 
INVESTIGATION  OF  MONTGOMERY  LOCKS  AND  DAM 
OHIO  RIVER 

SECTION  1:  INTRODUCTION 

1.1  This  report  contains  the  results  of  an  engineering  condition 
survey  and  a structural  analysis  of  Montgomery  Locks  and  Dams  (Figures 

1.1  and  1.2)  on  the  Ohio  River.  The  investigation  was  conducted  from  Octo- 

P 

ber  1974  to  February  1976  by  the  Waterways  Experiment  Station  (WES) 
for  the  U.  S.  Army  Engineer  District,  Pittsburgh  (ORP) . Authorization 
for  the  investigation  was  given  in  DA  Form  2544,  dated  23  October  1974, 
issued  by  ORP. 

1.2  ORP  initiated  the  investigation  of  Montgomery  Locks  and  Dam 
by  their  Periodic  Inspection  Report.'*'  The  report  reviews  the  construc- 
tion and  the  general  condition  of  the  locks  and  dam  with  attention  to 

specific  problem  areas.  The  results  of  the  periodic  report  warranted 

2 

further  study.  A condition  survey  was  conducted  by  WES  for  ORP  and 
was  accomplished  for  the  dam.  This  survey  determined  the  concrete  qual- 
ity and  location  of  cracks  that  could  affect  the  structural  integrity 
of  the  dam.  The  present  project  was  initiated  to  determine  if  a need 
exists  for  a study  to  consider  the  rehabilitation  or  replacement  of  the 
locks  and  dam.  If  such  a need  is  found,  a separate  study  will  be  ini- 
tiated to  evaluate  the  feasibility  of  rehabilitation  or  replacement. 

Location  of  Study  Area 

1.3  Montgomery  Locks  and  Dam  are  located  on  the  Ohio  River  in 
Beaver  County,  Pennsylvania,  31.7  miles  downstream  of  Pittsburgh. 

Purpose  and  Approach 

1.4  The  purpose  of  this  report  is  to  present  the  findings  and 
conclusions  drawn  from  the  condition  survey  and  structural  investigation 
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of  Montgomery  Locks  and  Dam.  This  study  does  not  evaluate  the  foundation, 
steel  gates,  bridge  work,  lock  gates,  or  appurtenant  mechanical  or 
electrical  facilities  which  will  be  considered  by  ORP  when  the  overall 
condition  of  the  locks  and  dam  is  evaluated. 

1.5  This  investigation  is  limited  to: 

a.  A c rack  survey  of  the  locks. 

b.  Examination  of  major  cracks  under  load. 

£.  Soniscope  investigation  of  several  major  cracks. 

<3.  Structural  property  determination  of  foundation  and 
concrete. 

£.  Stability  analysis  of  locks  and  dam  monoliths. 

_f.  Stress  analysis  of  selected  monoliths. 

The  evaluation  of  the  structures,  as  given  in  this  report,  is  relative 
to  these  specific  studies;  although  concrete  integrity,  concrete  deteri- 
oration, conditions  which  may  cause  immediate  failure,  existence  and 
extent  of  structural  cracking,  and  the  alignment  or  settlement  of  the 
various  structural  monoliths  were  given  consideration. 

Historical  Construction 

1.6  A detailed  history  of  the  locks  and  dam  features  and  con- 
struction is  presented  in  Reference  1;  therefore,  only  a general  descrip- 
tion of  the  locks  and  dam  is  given  below. 

1.7  Montgomery  Locks  and  Dam  were  constructed  under  two  contracts, 
from  June  1932  to  June  1936.  They  replace  single  110-  by  600-ft  locks 
and  original  movable  wicket  dams  No.  4,  5,  and  6 which  were  built  in 
1898-1908,  1889-1907,  and  1892-1904,  respectively.  The  pool  extends  to 
Dashields  Locks  and  Dam,  river  mile  13.3. 

1.8  Montgomery  Dam  is  a non-navigable  high-lift  gated  structure. 

The  dam  is  comprised  of  a controlled  spillway  consisting  of  10  vertical- 
lift  gated  sections,  each  100  ft  in  length  having  a full  vertical  travel 
of  40.25  ft  above  the  sill  which  is  at  elevation  667.0.  It  has  an  un- 
controlled spillway  consisting  of  two  fixed  weir  sections,  one  109.5  ft 
in  length  adjacent  to  the  abutment  and  the  other  109.25  ft  in  length 
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adjacent  to  the  river  wall,  both  with  a crest  at  elevation  680.  43.  The 
overall  length  of  the  dam  between  the  river  wall  and  the  abutment  is 
1, 3T8.T5  ft,  including  the  fixed  weir  sections  and  the  gated  spillway. 

1.9  The  locks  consist  of  two  adjacent  parallel  lock  chambers 
located  along  the  left  bank  of  the  river,  a landward  110-  by  600-ft  main 
chamber,  and  a 56-  by  360-1't  auxiliary  chamber. 

1.10  The  upper  guard  wall  is  403.96  ft  long  and  U,.-  upp’  r guide 

wall  is  1080.9**  ft  long  measured  from  the  upstream  n f the  middle 

wall,  respectively.  The  lower  guard  wall  is  l80.  33  ft  long  arid  the 
lower  guide  wall  is  *490.33  ft  long  measured  from  the  downstream  nose  of 
the  middle  wall,  respect ively . The  upper  and  lower  service  gates  are  of 
the  mitering  type  and  are  hydraulically  operated.  The  floors  within 
both  chambers  are  paved. 

1.11  The  elevation  of  the  top  of  lock  walls,  guide,  and  guard 
walls  is  692.0  ft  msl,  except  at  the  areas  adjacent  to  the  miter  gate 
recesses  of  the  main  chamber;  here  the  top  of  land  wall  is  at  elevation 
69**.0  ft  msl. 

1.12  Vertical  lift  from  the  lower  pool,  elevation  66*4.5,  to  the 
upper  pool,  elevation  682.0,  is  17*5  ft.  Controlling  depth  in  the  lower 
lock  approach  is  governed  by  the  poiree  dam  foundation  which  is  located 
1*4.6  ft  below  lower  pool. 

1.13  The  filling  and  emptying  of  the  lock  chambers  is  accom- 
plished through  longitudinal  culverts  in  all  three  walls. 

1.1*4  Provisions  are  made  for  closures  of  both  chambers.  These 
closures  cannot  be  classed  as  emergency  type  closures;  in  the  56- ft 
chamber  a cofferbeam  and  needle  type  closures  are  used  and  in  the  110-ft 
chamber  trestles  are  raised  up  oub  of  recesses  provided  in  the  bottom 
of  the  chamber  upstream  of  the  miter  gates,  and  bulkheads  are  fitted  in 
between  each  of  the  trestles.  Embedded  metal  anchorages  are  provided 
in  the  lower  guard  sill  of  both  chambers  for  installation  of  a poiree 
trestle  type  dam  to  permit  unwatering  of  the  lock  chambers  for  mainte- 
nance and  repair  work  on  the  lower  lock  gates.  All  the  necessary  mate- 
rials needed  to  make  the  closures  are  stored  at  ORP's  Warehouse  and 
Boatyard  located  on  Neville  Island  on  the  Ohio  River  at  river  mile  7*5. 
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The  above  description  gives  an  overall  Idea  f M • • n- 

structi  n an  1 i m re  letails  ar<  les ir<  i,  t hey  can  l ( " >und  in 
Reference  1. 
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Figure  1.1.  Aerial  view  of  Montgomery  Locks  and  Dam. 
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Figure  1.2.  Plan  and  sections  of  Montgomery  Locks  and  Dam 


SECTION  2:  SURFACE  CONCRETE  DETERIORATION 

AND  CRACKING 


Introduction 


2.1  An  overall  view  of  Montgomery  Locks  reveals  general  spalling, 
leaching  and  cracking  of  the  concrete  surfaces.  The  surface  condition 
is  to  the  point  where  accelerated  deterioration  will  occur. 

2.2  In  certain  lock  monoliths  there  are  wide  cracks  (5/32  in.) 
which  are  clearly  structural  and  need  to  be  examined.  This  examination 
will  try  and  determine  the  extent  and  cause  of  the  cracks.  These 
studies  will  involve: 

a.  Logical  deductions  from  physical  observations  of  the 
structure . 

ta.  Instrumenting  and  monitoring  major  cracks  for  movement 
when  the  locks  are  exposed  to  various  combinations  of 
moving  and  static  loads  under  normal  operating 
conditions . 

c_.  A crack  survey  (mapping  of  cracks  onto  scaled  drawings) 
not  only  to  serve  as  a record  and  a means  of  communica- 
tion concerning  existing  cracks  but  also  to  establish 
trends  and  patterns  of  cracking. 

cl.  Soniscope  examination  of  major  cracks  to  determine  their 
extent . 

Stress  analysis  studies. 

2.3  In  the  dam  there  exists,  as  it  does  in  the  locks,  a lot  of 
leaching  and  cracking.  Much  of  the  surface  cracking  is  found  in  the 
upper  three  lifts  of  the  dam  piers. 

2.4  In  the  locks  and  dam,  there  are  groups  of  parallel  cracks  and 
leaching  which  indicate  deterioration  due  to  freezing  and  thawing  and 
render  the  areas  highly  susceptible  to  water  penetration  and  future  freez- 
ing and  thawing  action.  The  surface  cracks  will  be  discussed  in  detail 

in  the  remainder  of  this  chapter. 

Results  of  Monitoring  Cracks  for  Movement 

2.5  In  the  lock  walls,  the  cracks  which  are  of  apparent  concern 

are : 
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a_.  Numerous  transverse  and  some  longitudinal  cracks  in  the 
guide  and  guard  walls. 

Id.  Major  cracking  showing  in  the  upstream  land  wall  butter- 
fly valve  and  bulkhead  shafts  and  significant  cracking 
appearing  in  the  downstream  shafts. 

c_.  A predominate  crack  which  extends  along  the  center  of  the 
lock  chamber  middle  wall  parallel  to  the  lock. 

d_.  Cracking  in  the  upper  gate  monoliths  of  both  the  middle 
and  river  walls. 

The  monolith  numbering  and  stationing  is  shown  in  Figure  2.1  It  was  de- 
cided to  first  monitor  the  cracks  in: 

a.  The  upstream  land  wall  butterfly  valve  monolith. 

Cracks  and  gage  locations  are  shown  in  Figure  2.2. 

b.  The  upstream  middle  wall  gate  monolith.  Crack  and 
gage  locations  are  shown  in  Figure  2.3. 

c_.  The  upstream  river  wall  gate  monolith.  Crack  and 
gage  locations  are  shown  in  Figure  2.k. 

2.6  These  major  cracks  were  monitored  to  see  if  there  was  any 
movement  when  changes  in  loadings  were  imposed  upon  the  locks.  Combi- 
nations of  loading  were  induced  by: 

a.  Changing  pool  levels. 

Id.  Opening  and  closing  gates. 

c_.  Opening  butterfly  valves  allowing  water  to  enter  the  lock. 
The  checking  for  crack  movement  under  combinations  of  water,  gate  and 
butterfly  valve  loadings  helps  in  considering  the  cause  and  importance 
of  the  cracks. 

2.7  The  crack  in  the  upstream  land  wall  but ter fly- valve  monolith 
was  monitored  from  the  top  of  the  monolith  and  also  from  the  vertical 
face  within  the  butterfly-valve  shaft.  The  other  two  cracks  were  moni- 
tored only  from  the  top  of  the  monolith. 

2.8  The  measurements  determining  crack  movement  under  water, 
gate,  and  valve  loadings  were  accomplished  with  a Dimic  Gage  having  a 
0.00001  in.  accuracy.  There  was  no  detectable  crack  movement  under 
any  combination  of  loading.  The  relative  movement  across  the  cracks 
were  monitored  by  the  principles  given  in  ETL  1110-2-118  except  a more 
precise  instrumentation  was  used  which  would  detect  movement  of 
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0.00001  in.  No  detectable  crack  movement  implies  that  the  gate  and 
valve  loadings  are  not  significantly  affecting  the  existing  cracks. 

The  stress  analysis  of  loaded  monoliths  is  another  means  by  which  the 
cause  of  the  cracking  can  be  considered.  The  stress  analysis  implies 
the  causes  of  certain  cracks;  this  discussion  is  given  in  Section  7. 

Crack  Survey 

2.9  An  important  indication  of  the  condition  of  the  locks  and 
dam  is  the  degree,  extent,  and  cause  of  surface  cracking.  The  surface 
cracks  on  Montgomery  Locks  were  mapped  onto  scaled  drawings  and  are 
presented  in  Figures  2.9  through  2.13. 

2.10  The  cracking  in  the  aocks  will  be  discussed  and  correlated 
starting  with  the  upstream  land  side  monoliths  except  when  general 
trends  are  observed;  they  will  then  be  discussed  in  relation  to  the 
other  portions  of  the  locks  which  establish  the  trend. 

2.11  As  the  cracks  were  studied,  it  became  apparent  that  a dis- 
tinction between  their  degree  and  importance  needed  to  be  delineated. 

The  delineation  as  given  in  Table  2.1  was  used  to  categorize  the  cracks 
by  width  and  extent.  This  in  effect  classified  the  cracks  according  to 
importance  as  they  appeared  from  the  surface  observations. 

2.12  The  upper  guide  wall  extension  is  in  good  condition  and  only 
has  surface  cracking  in  the  upstream  end  monolith.  The  original  upper  guide 
wall  has  significant  transverse  cracking  much  of  which  extends  to  a con- 
siderable depth  as  can  be  seen  on  either  side  of  the  monoliths.  A trend  of 
cracking  becomes  apparent  in  the  guide  and  guard  walls.  The  extent  of 
cracking  in  guide  and  guard  walls  may  be  rated  from  the  most  to  the  least, 
both  in  number  and  degree,  as  follows;  upper  guide  wall,  lower  guide  wall, 
upper  guard  wall,  and  lower  guard  wall.  There  is  a lot  of  cracking  in  the 
lower  guard  wall  but  the  cracks  are  smaller  in  width  and  less  in  extent.  The 
main  cracks  in  these  walls  are  located  close  to  the  middle  half  of  the  mono- 
lith and  extend  from  the  water  line  on  river  side  to  the  water  or  fill  line 
on  land  side.  This  total  trend  of  cracking  leads  to  the  hypothesis  that 
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their  origin  is  probably  due  to  barge  impact  loads.  The  frequency  and 
the  intensity  of  barge  impact  are  both  important  in  affecting  the  mono- 
liths. This  leads  to  the  conclusion  that  the  smaller  lock  which 
carries  light  traffic  and  is  next  to  the  guard  walls  should  be  subjected 
to  lighter  impact  loads  than  the  guide  walls.  Also,  seemingly  a barge 
headed  downstream  would  create  a larger  impact  than  one  headed  upstream 
due  to  the  greater  momentum  caused  by  the  current.  This  logic  makes 
the  ranking  of  cracking  from  most  to  less  severe  in  the  upper  guide 
wall,  lower  guidewall,  upper  guard  wall  and  the  lower  guard  wall.  This 
is  the  case  (except  the  cracking  in  the  lower  guide  and  upper  guard 
wall  is  about  the  same)  and  fits  the  trend  that  the  origin  of  the  cracks 
is  barge  impact. 

2.13  Now,  considering  the  cracking  in  the  land  wall,  the  most 
severe  cracking  is  in  the  upper  portion  of  the  wall.  This  trend  is 
continued  across  the  three  walls  in  that  the  most  severe  cracking  is  in 
their  upper  ends.  Again  a barge  headed  downstream  would  create  a 
larger  impact  than  one  headed  upstream;  therefore,  the  impact  force 
would  tend  to  be  larger  and  cracking  more  significant  on  the  upstream 
portion  of  the  lock  walls.  This  could  well  be  the  reason  the  most 
significant  cracks  exist  in  the  upstream  portion  of  the  lock  walls  at 
Montgomery  Locks  and  Dam. 

2.14  In  the  stress  analysis  given  in  Section  6,  it  is  seen  that 
the  barge  impact  can  cause  the  center  line  cracking  parallel  to  the  lock 
due  to  excessive  tensile  stress  and  cracking  in  culvert  walls  allowing 
stress  flow  upward  through  the  center  of  the  monolith.  The  impact 
stresses  were  relieved  by  transverse  cracking  in  the  guide  and  guard 
walls  but  due  to  stress  concentrations  at  changes  in  geometry  of  culverts 
and  block  outs  it  is  relieved  by  longitudinal  cracking  in  the  lock 
chamber  monoliths. 

2.15  Center-line  cracks  in  the  lock  walls  exist  mostly  in  their 
upstream  half;  except,  the  land  wall  also  has  significant  center-line 
cracks  in  its  downstream  butterfly-valve  and  bulkhead  shafts.  In  the 
shafts  where  centi r-line  cracking  is  significant  the  cracks  can  be  seen 
to  extend  to  and  below  the  water  line  at  el  664.5.  The  trend  is  that 
cracks  seen  in  the  monolith  surface  which  extend  into  the  pipe-gallery 
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ceiling  and  vertical  walls  can  not  be  seen  in  the  floor.  An  exception 
to  this  is  seen  in  monolith  M-8  of  the  middle  wall  where  a center-line 
•rack  exists  in  the  floor  of  the  pipe  gallery.  These  center-line  cracks 
could  be  related  to  impact  loads  causing  high  stress  concentrations  to 
develop  around  openings,  storage  bays,  pipe  galleries,  and  conduits. 

2.16  The  cracking  in  the  structural  slab  over  the  storage  area 

in  the  upper  land  wall  is  longitudinal  down  its  center,  extends  down  the 
face  of  the  end  walls  and  continues  into  the  bulkhead  recess.  This 
cracking  cannot  be  seen  in  the  floor  of  the  storage  pits. 

2.17  The  cracks  seen  in  the  tunnels  of  the  land  wall  monoliths 
are  shown  in  Figures  2.7  and  2.8.  Some  transverse  cracking  in  monolith 
L-17  shows  on  the  surface  and  also  in  the  pipe  gallery.  The  center-line 
cracking  in  the  land  wall  butterfly- valve  monolith  L-19  shows  up  in 

the  pipe  gallery  ceiling  and  walls  and  in  the  butter  fly- valve  recess. 

This  cracking  extends  back  into  monolith  L-l8.  One  transverse  crack 
can  be  seen  across  the  floor  which  indicates  there  could  be  some  depth 
to  this  cracking.  This  is  one  of  the  cracks  studied  by  pulse  velocity  work 
and  will  be  discussed  later  in  this  section.  The  cracking  in  the  end  of 
the  butterfly-valve  monolith  is  not  surprising  because  of  the  large  cut 
out  which  leaves  only  a small  longitudinal  thickness  of  concrete  to 
carry  any  stresses  induced  perpendicular  to  the  center  line.  In  mono- 
lith L-29  and  L-30  the  cracks  in  the  top  surface  can  be  correlated  with 
those  in  the  ceiling  and  walls  of  the  pipe  gallery  and  in  the  faces  of 
the  bulkhead  shaft. 

2.18  The  downstream  bulkhead  has  cracking  which  extends  to 
some  depth  as  can  be  seen  in  the  bulkhead  recess.  There  is  cracking 
in  the  rest  of  the  land  wall  but  as  mentioned  earlier  it  is  less 
severe  than  that  in  the  upper  half  of  this  wall. 

2. 19  The  lower  guide  wall  has  significant  cracking  as  can  be 
seen  from  Figure  2.6  but  it  is  less  severe  than  that  in  the  upper  guide 
wall.  The  main  cracking  is  in  its  lower  end  where  it  experiences  the 
worse  impact  loadings. 

2.20  The  predominate  cracking  in  the  middle  wall  is  along  its 
center  parallel  to  the  lock.  In  Section  6 the  reason  for  this  cracking 
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is  hypothesized  as  being  caused  by  barge  impact.  This  idea  is  substan- 
tiated by  the  fact  that  the  longitudinal  crack  is  not  predominate  in 
the  gate  bay  monoliths.  The  monoliths  could  still  get  impact  from  the 
river-side  lock  but  the  river  lock  handles  lighter  traffic.  These 
longitudinal  cracks  show  in  the  ceiling  but  not  in  the  floor  except  in 
monolith  M-8.  Transverse  cracking  occurs  in  most  upper  guard  wall 
monoliths.  These  cracks  are  usually  located  close  to  the  middle  half  of 
the  monolith,  with  the  more  significant  cracks  extending  down  to  the 
water  surface  and  ranging  in  width  up  to  5/32  of  an  inch. 

2.21  A transverse  crack  similar  to  those  on  the  upper  guide  wall 
exists  near  the  midpoint  of  monolith  L-9.  This  crack  is  less  than  5/32 
of  an  inch  in  width  and  extends  down  to  the  water  surface  on  both  sides. 

2.22  Significant  cracks  are  in  the  upper  end  of  the  river  wall 
(monoliths  R-10,  R-ll,  R-12,  and  R-13) . Some  of  these  cracks  reach 
widths  in  excess  of  5/32  in.  and  extend  down  to  the  water  surface  in  the 
shafts. 

2.23  In  summary  the  significant  transverse  cracks  in  the  lock 
walls  correlate  with  those  in  the  ceiling  and  walls  of  the  pipe  gal- 
leries. The  longitudinal  cracks  correlate  with  cracks  in  the  ceilings 
of  the  galleries  but  are  not  seen  (except  in  M-8)  in  the  floors.  There 
is  strong  evidence  that  much  of  the  cracking  is  caused  by  barge  impact. 
Barge  impact  would  not  necessarily  have  to  cause  cracking  in  the  center 
of  the  gallery  floors  but  could  be  relieved  by  cracking  the  ceilings 
mainly  in  the  center  because  of  the  comparatively  thin  slab  of  concrete 
above  the  gallery.  Many  of  these  cracks  discussed  above  appear  in  the 
pipe  gallery  and  in  the  land  and  river  faces  of  the  monoliths  which  will 
allow  freezing  and  thawing  action  to  deteriorate  the  monoliths  to  a con- 
siderable depth.  The  cracks  should  be  sealed  from  the  weather  and  some 
of  the  larger  ones  monitored  to  see  if  they  become  worse;  barge  impact 
could  cause  the  cracks  to  progressively  become  worse  and  deteriorate  the 
monoliths. 

2.24  A pulse  velocity  study  was  made  to  determine  the  depth  of 
the  cracks  beyond  that  which  is  apparent  from  the  surface  and  from  ob- 
servations within  tunnels  and  other  blockouts  within  monoliths. 


2.6 


Pulse  Velocity  Investigation 


2.25  The  ultrasonic  pulse  velocity  technique  is  an  accepted 
technique  for  nondestructively  studying  the  integrity  of  concrete  structures. 
It  can  give  useful  information  regarding  the  quality  of  the  concrete  and 

in  many  instances,  the  severity  of  cracking. 

2.26  In  surveying  a structure  using  this  technique,  it  is  desirable 
to  send  a pulse  through  a wall,  or  walls,  in  as  many  areas  as  acces- 
sibility will  permit.  At  selected  points  along  a wall  the  transmitter 
and  receiver  tranducers  are  placed  opposite  each  other  on  either  side 

of  the  wall  and  a pulse  imparted  to  the  concrete.  If  the  concrete  is  of 
good  quality,  the  signal  will  be  picked  up  after  passing  through  the 
wall.  A mass  of  concrete  of  excellent  quality  will  have  high  pulse- 
velocity  magnitudes  while  poor  quality  will  yield  low  velocities.  Cracks 
will  significantly  reduce  both  the  velocity  and  the  strength  of  the  signal. 
Experience  in  ultrasonic  testing  indicates  that  the  relation  between 
velocity  and  quality  of  concrete  of  normal  density  is  approximately  as 
shown  in  the  following  tabulation.  It  should  be  noted,  however,  that 
these  values  are  only  typical  and  cannot  be  expected  to  apply  in  all 
instances . 


Pulse  Velocity, 
f ps 

Above  15,000 

12.000  - 15,000 

10.000  - 12,000 

7,000  - 10,000 

Below  7,000 


Condition 
Excellent 
Generally  good 
Questionable 
Generally  poor 
Very  poor 


2.27  Ultrasonic  pulse-velocity  measurements  were  made  in  the  lock 
land  wall,  middle  wall,  and  river  wall  at  Montgomery  Locks  and  Dam  on 
the  Ohio  River,  Pittsburgh  District.  The  primary  objective  of  this  study 
was  to  attempt  to  determine  the  depth  of  several  visible  surface  cracks  at 
specific  locations  on  the  lock  walls.  One  borehole  was  drilled  on  each 
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lock  wall  in  the  vicinity  of  the  cracks  of  interest.  These  boreholes  were 
drilled  through  the  wall  to  the  base  of  the  structure. 

2.28  Most  of  the  measurements  were  made  using  borehole  transducers 
in  conjunction  with  the  soniscope.  These  transducers  require  water  as 

a couplant  to  the  structure;  therefore,  the  transducers  are  used  only  in 
situations  where  areas  ot  interest  are  below  water  level.  One  transducer 
was  inserted  in  the  water-filled  borehole  and  the  other  along  the  side 
of  the  lock  wall  below  water  level. 

Land  Wall  Measurements 

2.29  The  first  set  of  measurements  on  the  land  wall  was  from  the 
borehole  which  was  20.25  ft  from  the  lock  wall  in  monolith  No.  19  at 
station  3 + 39.25A.  Measurements  were  begun  with  both  transducers  located 
15  ft  below  the  deck  and  continued  at  5-ft  intervals  to  a depth  of  40  ft. 
Both  gages  were  then  lowered  to  the  bottom  of  the  lock  pool,  42  ft  below 
deck,  and  a velocity  measurement  was  made.  The  pool-side  transducer  was 
held  at  -42  ft  and  the  borehole  transducer  was  lowered  at  5-ft  intervals 
to  -75  ft,  and  velocity  measurements  were  made  at  each  location.  An 
additional  measurement  was  made  with  the  borehole  transducer  at  -78  ft. 

2.30  The  pulse  velocity  range  was  from  13,720  to  14,411  fps  with 
an  average  velocity  of  14,110  fps.  Three  data  points  were  not  included 
(between  25  and  40  ft)  because  the  path  was  through  a 13-ft  gallery  filled 
with  water.  The  average  velocity  for  these  three  points  was  6060  fps. 

These  and  other  velocity  data  are  shown  in  Table  2.2. 

2.31  The  second  set  of  measurements  on  the  land  wall  was  from  the 
borehole  which  was  25.3  ft  from  the  lock  chamber  in  monolith  No.  18  at 
station  3 + 13.95A.  Measurements  were  begun  with  both  transducers  located 
15  ft  below  the  deck  and  continued  at  5-ft  intervals  to  a depth  of  40  ft. 
Both  gages  were  again  lowered  to  42  ft  and  measurements  were  continued 
holding  the  flooding  chamber  transducer  at  42  ft  and  lowering  the  borehole 
transducer  to  a depth  of  78  ft  in  increments  of  5 ft.  The  pulse  velocities 
ranged  from  13,177  fps  to  14,560  fps  with  an  average  velocity  of  14,054  fps. 

2.32  The  preceding  two  sets  of  measurements  did  not  show  any  strong 
evidence  of  excessive  cracking  below  the  water  level.  However,  small-  to 
medium-size  cracks  which  are  filled  with  water  would  not  affect  the  velocity 
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magnitude  significantly  unless  they  are  numerous.  The  velocities  obtained 
between  the  borehole  and  the  lock  chamber  were,  in  some  cases,  sufficiently 
low  to  allow  a classification  of  "suspect  area." 

2.33  A third  set  of  measurements  was  taken  from  the  top  surface 

of  the  land  wall,  14.7  ft  to  the  lock  wall,  across  a visible  crack  in  the 
butterfly  valve  monolith.  The  transducer  on  the  top  surface  was  held  in 
place  while  the  wall  transducer  was  moved  downward  in  7 steps  from  1 ft  to 
42  ft  from  the  surface.  Only  two  successful  measurements  were  obtained. 

At  15  ft  down  the  lock  wall,  a velocity  of  7368  fps  was  obtained  and  at 
25  ft  down,  a velocity  of  7702  fps  was  obtained.  It  can  then  be  concluded 
that  this  crack  most  likely  extends  to,  or  nearly  to,  a depth  of  42  ft. 

2.34  Measurements  were  also  made  from  the  borehole  to  the  lock 
wall  face  at  a depth  of  25  ft  below  the  deck.  The  lock  wall  transducer 
was  moved  at  6-ft  intervals  upstream  along  the  lock  walls.  Velocity 
measurements  were  made  at  every  6-ft  interval.  The  first  3 measurements 
gave  velocities  of  13,846  to  14,585  fps,  which  would  show  no  significant 
cracking.  The  additional  measurements  were  across  monoliths  and  gave 
unacceptable  data. 

2.35  Measurements  were  taken  with  a surface  transmitter  placed 
8 ft  below  the  top  deck  on  the  vertical  face  of  the  butterfly  valve 
wall  at  station  3 + 56. 0A  and  with  the  borehole  receiving  transducer  lo- 
cated at  8 depths  in  the  lock  pool  ranging  from  11.6  ft  to  42  ft.  No 
data  were  obtained  at  depths  35  and  42  ft.  The  data  for  the  remaining 
six  locations  ranged  from  11,817  to  13,112  fps  with  an  average  velocity  of 
12,449  fps.  These  values  indicate  that  the  crack  does  extend  to  a depth 
of  at  least  42  ft. 

2.36  The  final  ultrasonic  pulse  velocity  measurements  on  the  land 
wall  were  taken  across  the  surface  from  the  vicinity  of  the  borehole 
across  several  cracks  to  the  vertical  wall  at  station  3 + 21. 2A.  The  trans- 
mitter was  positioned  1.25  ft  below  the  monolith  surface  on  the  vertical 
wall  and  the  receiver  on  the  monolith  surface  across  from  the  transmitter. 
The  pulse  velocities  for  the  two  positions  were  9,885  and  9,224  fps,  con- 
firming that  the  cracks  are  more  than  just  surface  cracks. 
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Middle  Lock  Wall  Measurements 


2.37  Pulse-velocity  tests  were  conducted  from  the  borehole  which  is 
14.8  ft  from  the  face  of  the  large  lock  chamber  at  station  3 + 00A.  Measure- 
ments were  begun  with  both  transducers  located  15  ft  below  the  deck  and 
continued  at  5-ft  intervals  to  a depth  of  42  ft.  The  pool-side  transducer 
was  held  at  -42  ft  and  the  borehole  transducer  was  lowered  at  5-ft  intervals 
to  -75  ft,  and  velocity  measurements  were  made  at  each  location. 

2.38  The  pulse- velocity  range  was  from  13,307  to  16,426  fps  with  an 
average  velocity  of  14,587  fps.  Four  data  points  were  not  included  (between 
30  and  42  ft)  because  the  path  was  through  a gallery  filled  with  water.  The 
average  for  these  four  locations  was  6328  fps.  The  magnitude  of  the  pulse- 
velocity  signals  were  of  sufficient  magnitude  to  indicate  that  there  is 

no  severe  cracking  below  water  level  (12  ft  below  deck)  at  this  particular 
station. 

2.39  Pulse-velocity  measurements  were  made  from  the  borehole  to 
the  wall  of  the  flooding  chamber  a distance  of  11.5  ft  across  a visible 
surface  crack.  Measurements  beginning  at  a point  12  ft  below  the  deck 
to  a depth  of  25  ft  showed  no  severe  cracking.  The  velocities  ranged 
from  14,650  fps  to  15,092  fps.  Measurements  were  inconclusive  from  the 
bottom  of  the  gallery  to  the  bottom  of  the  borehole  because  of  insufficient 
signal  strength  to  resolve  the  first  arrival. 

2.40  Pulse- velocity  measurements  were  made  from  the  borehole  to 
the  wall  of  the  small  lock  through  a distance  of  8.6  ft.  Measurements 
were  begun  with  both  transducers  located  12  ft  below  the  deck  and  continued 
at  5-ft  intervals  to  a depth  of  20  ft  (bottom  of  small  lock).  The  pool-side 
transducer  was  held  at  -20  ft  and  the  borehole  transducer  was  lowered  at 
5-ft  intervals  to  a depth  of  60  ft,  and  velocity  measurements  were  attempted 
at  each  location.  To  a depth  of  25  ft,  the  velocities  ranged  from  14,751  fps 
to  15,237  fps,  indicating  no  severe  cracks.  Measurements  below  30  ft  were 
not  successful,  indicating  possible  cracking  or  lift-joint  separations. 

2.41  Measurements  were  made  at  two  locations  on  the  middle  lock 
wall  with  the  borehole  transducer  located  on  the  opposite  sides  of  the  wall. 
Measurements  were  made  from  a depth  of  12  ft  to  42  ft.  The  path  length 

for  the  ultrasonic  pulse  was  24  ft.  There  were  visible  surface  cracks  at 
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these  locations,  but  apparently  did  not  extend  to  a depth  of  12  ft  because 
velocities  which  ranged  from  14,414  fps  to  15,738  fps  did  not  show  signifi- 
cant cracking.  At  one  of  the  locations,  velocity  measurements  were  made 
close  to  the  top  surface  of  the  wall.  The  signal  strengths  were  very  poor, 
and  the  velocities  were  11,137  fps.  These  data  indicated  that  the  cracks 
did  have  a depth  of  at  least  1-1/2  ft. 

River  Wall  Measurements 

2.42  Velocity  tests  were  made  from  a borehole  at  station  2 + 32.5, 
monolith  No.  12,  to  the  small  lock  walls  at  increments  similar  to  previous 
lock  walls.  The  lock  wall  transducer  was  lowered  to  24  ft.  Because  of 
interference  of  the  lower  gallery,  measurements  could  not  be  made  at 
borehole  depths  greater  than  30  ft.  The  velocities  ranged  from  13,616  fps 
to  13,969  fps.  These  data  do  not  indicate  severe  cracking. 

2.43  Similar  measurements  were  made  with  the  lock  wall  transducer 
moved  13.9  ft  downstream.  The  pulse  velocities  ranged  from  12,926  fps  to 
14,350  fps.  These  data,  again,  do  not  indicate  severe  cracking;  however, 
the  signal  strengths  were  sufficiently  low  so  as  to  make  this  a suspect 
area. 

2.44  Velocity  measurements  were  taken  between  the  borehole  and  the 

river  wall  at  depths  of  12  ft,  20  ft,  and  30  ft  with  a path  length  of 

2.08  ft.  The  velocities  ranged  from  13,506  fps  to  14,751  fps,  indicating 
no  severe  cracking. 

Conclusions 

2.45  The  ultrasonic  pulse-velocity  tests  do  indicate  in  some  instances 

cracking  down  into  the  structure.  Pulse  velocity  tests  through  saturated 
concrete  below  water  level  do  not  always  show  cracks  because  the  water  fills 

the  space.  In  some  instances  the  signal  strength  or  transmission  time 

will  not  be  significantly  affected  by  the  water-filled  cracks,  although  if 
the  cracks  are  large  or  numerous,  the  pulse  velocity  will  usually  be  reduced 
significantly. 

2.46  The  main  concerns  for  the  large  cracks  at  Montgomery  Lock  and 
Dam  (except  for  the  cracks  along  the  middle  lock  wall)  should  be  satisfied 
by  instrumenting  and  keeping  a systematic  weekly  record  of  the  surface  crack 
widths.  If  the  cracks  do  not  increase  in  width,  there  is  no  problem;  if 
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they  do,  further  study  is  necessary  at  that  time.  The  crack  down  the  middle 
lock  wall  should  also  be  instrumented  and  weekly  records  kept  of  the  sur- 
face crack  width.  The  lower  culvert  wall  should  be  checked  for  cracking  and 
the  hypothesis  that  barge  impact  caused  this  crack  investigated. 

Surface  Condition 

2.47  The  land-,  middle-,  and  river-wall  monoliths  are  cracked, 
spalled, and  in  general  show  signs  of  progressive  deterioration  due  to 
weathering.  The  concrete  is  nonair  entrained  which  will  allow  progres- 
sive damage  due  to  freezing  and  thawing.  Many  open  cracks  allow  water 
penetration  which  results  in  accelerated  deterioration  due  to  freezing 
and  thawing. 

2.48  The  surface  condition  and  the  extent  of  cracking  suggests 
that  some  action  must  be  taken.  As  a minimum,  the  concrete  surfaces 
must  be  rehabilitated  to  check  accelerated  deterioration.  It  is  not 
possible  to  recommend  the  most  feasible  action  without  a feasibility 
study  considering  the  total  lock  and  dam  operational  and  maintenance 
costs  over  an’  extended  period  of  time  (30  to  50  years). 

2.49  The  next  step  in  the  evaluation  of  Montgomery  Locks  and  Dam 
is  to  make  a feasibility  study  of  rehabilitation  or  replacement. 
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Figure  2.6.  Crack  survey,  land  and  guide  walls, 
Montgomery  Locks  and  Dam,  Ohio  River 
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Figure  2.7.  Crack,  survey,  land  wall — upper  half,  tunnels  and  shafts, 
Montgomery  Locks  and  Dam,  Ohio  River. 
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Figure  2.8.  Crack  survey,  land  wall — lower  half,  tunnels  and  shafts, 
Montgomery  Locks  and  Dam,  Ohio  River. 
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Figure  2.10.  Crack  survey,  middle  wall — upper  half,  tunnels  and  shafts 
Montgomery  Locks  and  Dam,  Ohio  River. 


Figure  2.11.  Crack  survey,  middle  wall — lower  ha  If,  tunnels  and  shafts, 
Montgomery  Locks  and  Dam,  Ohio  River. 
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Figure  2.12.  Crack  survey,  river  and  guard  walls,  Montgomery  Locks  and  Dam,  Ohio  River. 
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Figure  2.13.  Crack  survey,  river  wall,  tunnels  and  shafts 
Montgomery  Locks  and  Dam,  Ohio  River. 


Table  2.1 

Surface  Crack  Delineations 


Designation 


Depth  as  Can  be  Seen 


Surface 

Width, 

in. 

at  the  Concrete 

Sur face 

Width  < 

1/32 

No  extent  could 

be  seen 

Width  >_ 

1/32  < 

5/32 

No  extent  could 

be  seen 

Width  < 

5/32 

Extent  seen 

Width  > 

5/32 

Extent  seen 

2.27 


Table  2.2 


Pul  so 

Velocity 

Test  Result 

s,  Montgomery 

Locks 

Path 

Length 

(ft) 

Test 

I.ocat  Ion 

Vertical  Distance 
From  Top  of 
Lock  Surface  (ft) 

Borehole 

Pool 

hands ide  Wall 

_ 

12 

12 

20.1 

Borehole  to 

Lock 

15 

15 

II 

wal  1 

20 

20 

II 

II 

25 

25 

II 

ft 

30 

30 

If 

M 

35 

35 

• 1 

If 

40 

40 

II 

tf 

42 

42 

If 

If 

45 

II 

20.32 

If 

50 

ft 

21.63 

If 

55 

II 

23.94 

It 

60 

II 

26.98 

tf 

65 

II 

30.55 

If 

70 

II 

34.47 

If 

75 

If 

38.64 

tf 

78 

II 

41.23 

Landslde  Wall 

_ 

15 

15 

25.3 

Borehole  to 

Flooding 

20 

20 

M 

Chamber 

25 

25 

11 

30 

30 

II 

35 

35 

II 

40 

40 

II 

45 

42 

25.48 

50 

II 

26.53 

55 

II 

28.44 

60 

II 

31.05 

65 

It 

34.19 

70 

II 

37.74 

75 

II 

41.58 

78 

II 

44.0 

Landslde  Wall 

_ 

Sur?£ce 

15 

21 

Top  surface 

to  lock 

it 

20 

wall  across 

crack  on 

II 

25 

29 

butterfly  valve  wall 

II 

30 

II 

42 

(Continued) 


Pulse 

Velocity 

(fps) 

None 

14,056 

13,720 

14,205 

Thru 

Gallery 

ft 

14,155 

14,411 

14,184 

14,166 

14,052 

14,176 

14,127 

14,076 

14,000 

14,213 

13,863 

13,978 

13,386 

13,386 

13,171 

14,560 

14,418 

14,305 

14,375 

14,276 

14,268 

14,264 

14,239 

7,368 

None 

7,702 

None 

None 
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Table  2.2  (Continued) 


Vertical  Distance 


From  Top 

of 

Path 

Pulse 

Test 

Lock  Surface 

(ft) 

Length 

Velocity 

Location 

Borehole 

Pool. 

(ft) 

(fps) 

Landside  Wall  - 

25 

25 

20.1 

14,010 

Borehole  to  lock  face 

25 

25 

20.98 

13,846 

(First  Measurement  - 

25 

25 

23.41 

14,585 

straight  thru. 

25 

25 

26.98 

None 

Additional  measure- 

25 

25 

31.31 

None 

ments  - Pool  transducer 

moved  upstream  in  6 
increments . 

ft 

Landside  Wall  - 

8'  below 

42 

None 

Surface  of  vertical 

deck  on 

35 

None 

butterfly  valve  wall 

vertical 

30 

27.47 

13,112 

across  crack 

face  of 

27 

25.13 

12,888 

butterfly 

25 

23.66 

12,583 

valve  wall 

20 

20.36 

12,378 

II 

15 

17.88 

11,918 

II 

11.6 

16.84 

11,817 

Landside  Wall  - 

Deck  surface  close 

On 

1.25 

17.74 

9,885 

to  borehole  across 

surface 

on 

vertical 

15.45 

9,224 

visible  cracks  to 

near 

wall 

vertical  wall  at 
station  3 + 21. 2A 

borehole 

(Continued) 


Table  2.2  (Continued) 


Vertical  Distance 


From  Top 

of 

Path 

Pulse 

Test 

Lock  Surface  (ft) 

Length 

Velocity 

Locat ion 

Borehole 

Pool 

(ft) 

(fps) 

Middle  Wall  - 

12 

12 

14.8 

None 

Borehole  to  large 

15 

15 

f f 

14,095 

lock  wall 

20 

20 

•f 

16,424 

25 

25 

tl 

15,417 

30 

30 

If 

Thru 

35 

35 

tl 

Gallery 

40 

40 

If 

11 

42 

42 

If 

If 

45 

tl 

15.] 

14,733 

50 

It 

16.82 

14,566 

55 

II 

19.7 

14,379 

60 

II 

23.3 

14,296 

65 

If 

27.35 

14,062 

70 

ft 

31.671 

13,307 

Middle  Wall  - 

12 

12 

11.5 

15,092 

Borehole  to  the  wall 

15 

15 

ft 

14,781 

of  Flooding  Chamber 

20 

20 

If 

14,896 

25 

25 

tl 

14,650 

30 

30 

ft 

Thru 

35 

35 

It 

Gallery 

40 

40 

II 

II 

42 

42 

If 

II 

45 

" 

11.88 

None 

50 

ft 

14.01 

II 

55 

tf 

17.36 

II 

60 

ff 

II 

70 

ft 

II 

Middle  Wall  - 

12 

12 

8.6 

15,168 

Borehole  to  small 

15 

15 

8.6 

14,751 

lock  wall 

20 

20 

8.6 

14,905 

25 

If 

9.95 

15,237 

30 

ff 

13.19 

Thru 

35 

It 

Gallery 

40 

tl 

U 

50 

It 

None 

60 

ff 

None 

(Continued) 
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Table  2. 

2 (Gontinued) 

Vertical 

Distance 

From  Top  of 

Path 

Pulse 

Test 

Lock  Surface  (ft) 

Length 

Velocity 

Location 

Pool 

Pool 

(ft) 

(fps) 

Middle  Lock  Wall  - 

12 

12 

24 

None 

Across  Lock  Wall 

15 

15 

If 

14,414 

20 

20 

If 

15,738 

25 

25 

II 

17,266 

30 

30 

II 

Thru 

35 

35 

If 

Gallery 

40 

40 

II 

Middle  Lock  Wall  - 

12 

12 

24 

None 

Across  Lock  Wall 

15 

15 

It 

None 

(36  ft  upstream 

20 

20 

II 

14,634 

from  Gate  house) 

25 

25 

II 

14,634 

30 

30 

II 

Thru 

35 

35 

II 

Gallery 

40 

40 

II 

II 

42 

42 

• 1 

14,545 

Middle  Lock  Wall  - 

1 

1 

24 

11,137 

Across  Lock  Wall 

1 1/2 

1 1/2 

24 

11,137 

(36  ft  upstream 

from  Gate  house) 

using  surface 

transducers 

(Continued) 
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Table  2.2  (Concluded) 


Vertical  Distance 


From  Top 

of 

Path 

Pulse 

Test 

f.ock  Surface  (ft) 

Length 

Velocity 

Locat ion 

Borehole 

Pool 

(ft) 

(fps) 

River  Wall  - 

12 

12 

17.95 

None 

Borehole  to  small 

15 

15 

II 

13,969 

Lockwall 

20 

20 

It 

13,915 

24 

24 

II 

13,750 

30 

II 

18.93 

13,616 

35 

II 

Callery 

40 

II 

Interf  er- 

45 

II 

ence 

50 

II 

II 

55 

II 

II 

60 

II 

II 

70 

II 

II 

River  Wall  - 

12 

12 

25.4 

14,350 

Borehole  to  small 

15 

15 

II 

13,730 

lock  wall  downstream 

20 

20 

II 

12,926 

from  above  13.9' 

25 

25 

rr 

13,368 

30 

30 

n 

14,350 

35 

35 

it 

Thru 

40 

40 

if 

Gallery 

42 

42 

ii 

13,730 

45 

tt 

25.58 

13,938 

50 

II 

26.63 

13,870 

55 

II 

28.53 

13,850 

60 

II 

31.13 

13,624 

65 

If 

34.27 

13,957 

70 

II 

None 

River  Wall  - 

Borehole  to  River  Wall  12 

12 

2.08 

14,751 

20 

20 

2.08 

14,751 

30 

30 

2.08 

13,506 

2.12 


SECTION  3:  CONCRETE  INTEGRITY 


3.1  The  main  concern  at  Montgomery  Locks  and  Dams  is  that  barge 
impact  will  structurally  deteriorate  the  monoliths  by  cracking.  The 
second  concern  is  the  many  longitudinal  and  transverse  cracks  and  the 
many  spalled  areas  which  will  allow  access  of  water  to  some  depth  into 
the  concrete  thereby  causing  more  and  more  deterioration  by  freezing 
and  thawing. 

3.2  Some  measures  need  to  be  taken  to  allow  the  most  economical 
and  best  operational  use  of  the  Locks  and  Dam  for  an  extended  period  of 
time  (30  to  50  yr) . The  action  to  take  will  depend  upon  the  most  feasible 
alternative  of  rehabilitation  or  replacement  by  considering  the  total 
locks  and  dam  situation. 

3.3  In  any  case,  if  the  locks  and  dam  are  to  be  operational  for 
over  6 to  8 yr,  the  cracks,  spalled  areas, and  deteriorated  concrete  sur- 
faces should  immediately  be  sealed  from  the  weather  or  deterioration 
will  progressively  cause  problems  which  will  make  early  replacement 
necessary . 

3.4  Monitoring  plugs  should  be  placed  across  some  of  the  major 
cracks  to  see  if  there  is  any  movement  as  the  operation  of  the  locks 
is  continued.  The  more  predominate  cracks  in  the  land  wall  upstream 
butterfly-valve  monolith,  cracks  along  the  center  of  the  middle  wall, 
and  cracks  in  the  upstream  river-wall  monoliths  should  be  monitored. 

3.5  One  of  the  main  concerns  is  the  major  longitudinal  crack  down 
the  middle  wall  which  is  hypothesized  to  be  formed  by  barge  impact.  While 
this  may  cause  the  cracking  to  be  isolated  to  the  height  above  the  fil- 
ling and  emptying  culverts,  the  cracks  can  progressively  become  worse, 
cause  the  upper  part  of  these  monoliths  to  deteriorate  structurally, 

and  cause  operation  problems.  The  pulse  velocity  work  indicates  that  the 
longitudinal  cracking  in  the  middle  wall  is  probably  confined  to  the 
upper  part  of  the  monoliths. 


3.  1 


t. 


3.6  The  main  question  is  whether  to  replace  the  locks  and  dam, 
make  permanent  repairs,  or  to  merely  repair  the  surfaces  to  protect 
subjacent  concrete  from  the  weather.  This  consideration  can  only  be 
answered  by  a feasibility  study  of  either: 

a.  Main'enance  with  expected  replacement  when  needed  as 
determined  by  periodic  inspection. 

]j.  Complete  rehabilitation. 

£.  Replacement  of  the  structure. 

It  may  be  more  economical  to  repair  the  deteriorated  surfaces  in  order  to 
add  life  to  the  structures  and  delay  replacement  until  periodic  inspec- 
tions show  that  the  feasibility  breakpoint  has  been  reached  and  replace- 
ment is  necessary. 

3.7  Any  final  decision  concerning  remedial  measures  for  the 
locks  and  dam  should  be  deferred  until  the  feasibility  study  has  been 
made . 


3.2 


SECTION  4 : 


LABORATORY  TESTS 


Material  Properties 

4.1  The  gravity  walls  are  supported  on  competent  rock;  therefore, 
the  "at  rest"  pressure  coefficient  should  be  used  for  obtaining  hori- 
zontal pressures.  It  may  be  that  the  actual  horizontal  pressure  co- 
efficient is  lower  than  the  "at  rest"  value,  but  the  only  way  to  get 
actual  values  is  to  make  a number  of  tests  at  the  lock  and  dam  site. 

The  scope  of  this  work  in  time  and  funding  is  not  such  that  this  type  of 
testing  is  possible.  More  discussion  concerning  the  selection  of  the 
horizontal  pressure  coefficient  is  given  in  Appendix  A.  The  unit  weight 
of  the  backfill  is  given  in  Table  4.1. 

4.2  The  concrete  properties  were  obtained  from  cores.  The  tests 
yielded  the  following  information: 

a.  Compressive  strength,  q^,  and  densities. 

b.  Modulus  of  elasticity,  E. 

c.  Poisson's  ratio,  p. 

d.  Shear  modulus,  G. 

4.3  The  densities  for  the  foundation  rock  cores  were  obtained 

using  measured  volumes  and  weights.  The  average  value  is  given  in  Table  4.1 
The  unconfined  and  triaxial  compression  test  specimens  were  prepared 
according  t standard  method  of  test  for  triaxial  strength  of  undrained 
rock  core  specimens,  CRD-C  147.^  The  specimens  were  cut  with  a diamond- 
blade  saw  and  the  cut  surfaces  were  ground  flat  to  0.001  in.;  specimens 
were  checked  for  parallel  ends  and  the  perpendicularity  of  ends  to  the 
axis  of  the  specimen.  Two  vertically  and  three  horizontally  mounted 
linear  potentiometers,  respectively,  were  used  to  measure  the  vertical 
and  diameter  change  during  compression  testing.  The  displacement  measure- 
ments were  then  used  to  calculate  the  axial  strain,  t , and  the  diametric 

a 

strain,  e . The  modulus  of  elasticity,  Poisson’s  ratio,  and  shear  modulus 
were  calculated  from  the  stress-strain  data.  Axial  specimen  load  was 
applied  with  a 440,000-lb-c.apacity  universal  testing  machine.  Confining 
pressure  for  the  triaxial  compression  test  was  applied  by  a hand-operated 
electrohydraulic  pump. 


4.1 


4.4  The  direct  shear  test  specimens  were  prepared  according  to 

applicable  portions  of  the  standard  method  of  test  for  shear  strength, 

CRD-C  90.^  The  direct  shear  tests  on  intact  shale  were  conducted  using 

normal  loads,  o , of  33,  66,  and  100  psi.  Tensile  test  specimens  were 
n 

prepared  according  to  standard  method  of  test  for  splitting  tensile 
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strength  of  concrete  specimens,  CRD-C  77. 

4.5  At  the  concrete-foundation  rock  interface  it  is  required  to 
know  the  coefficient  of  sliding  friction  and  the  cohesion.  A multistage 
triaxial  test  was  conducted  to  obtain  these  values. 

4.6  The  multistage  triaxial  test  was  run  in  the  same  pressure 
chamber  as  the  standard  triaxial  tests.  The  weights  of  the  piston, 
swivels,  and  specimen  end  platens  were  accounted  for  in  obtaining  the 
axial  load  on  the  specimen.  Seven  stages  were  run,  including  confining 
(o^l  pressures  of  10,  35,  65,  105,  150,  200,  and  300  psi.  The  sawed 
surfaces  were  oriented  at  an  angle  of  45  deg  from  the  longitudinal  axis 
of  the  core. 

4.7  Figure  4.1a  depicts  the  orientation  of  the  cores  and  the 
method  used  to  cut  the  cores  to  insure  that  the  surfaces  would  reasonably 
match.  The  cores  were  aligned  parallel  to  each  other  and  located  relative 
to  each  other  such  that  the  required  portions  of  the  concrete  and  rock 
would  be  obtained.  They  were  then  hydrostoned  in  a wooden  box.  Figure  5.1b 
shows  the  two  cores  after  the  45-deg  saw  cut  was  made.  When  the  specimens 
were  removed  * rom  the  hydrostone,  the  concrete  and  shale  surfaces  were 
checked  for  alignment  and  found  to  match  quite  well;  when  held  to  the  light, 
you  could  only  see  through  about  10  percent  of  the  contact  area. 

4.8  Some  concrete  and  rock  core  logs  are  given  in  Reference  2 along 
with  a discussion  of  the  petrographic  analysis  of  the  concrete  and  rock 
material . 
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Table  4. 1 Material  Parameters 


Foundat  ion 

Concrete 

Backf ill 

Index  Properties 

3 

Drained  Density,  lb/ft  ^ 
Saturated  Density,  lb/ft.^ 

120.7 

163.4 

151.3 

137.9 

Submerged  Density,  lb/ ft 

75.4 

Compressive  Strength,  psi 

3150 

6700+ 

Tensile  Strength,  psi 

340 

Shear  Strength,  psi 

Intact 

C = 0 psi 
<p  = 7lo 

Concrete  on  Rock 

C = 0 psi 

= 300  30' 

Modulus  of  Elasticity  x 10^  psi 

0.667 

5.0 

Poisson's  Ratio 

0.24 

0.25 

Shear  Modulus  x 10^  psi 

°-269** 

0.377 

1.82 

+ From  1974  Condition  Survey  Report 

* c = — i 

2 (1+v) 

**  From  TX  Data 
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SECTION  5:  STABILITY  ANALYSIS 


111  t roduct  ton  and  Problem  Statement 

5.1  One  main  consideration  in  determining  the  structural  adequacy 
of  the  locks  and  dam  is  the  stability  of  the  various  monoliths  when 
subjected  to  possible  loading  conditions.  The  stability  study  involved 
analyzing  selected  monoliths  of  the  locks  and  dam  to  determine  if  there 
is  adequate  resistance  against  overturning,  sliding,  and  base  pressures. 

In  this  study,  only  one  monolith  of  each  typical  configuration  and  Load- 
ing was  analyzed.  The  conclusions  determined  from  these  data  are  ade- 
quate for  an  evaluation  of  all  monoliths. 

2 

5.2  In  addition  to  the  condition  survey  report,  a field  survey 
and  examination  of  Montgomery  Locks  and  Dam  were  conducted.  From  the 
field  survey  and  examination,  no  relative  settlement  or  misalignment  of 
monoliths  was  detected.  Bench  marks  and  alignment  plugs  have  recently 
been  installed  on  the  locks;  therefore,  alignment  and  settlement  can  be 
monitored  and  any  movement  detected.  The  resurfacing  on  most  of  the 
monoliths  is  deteriorating  and  in  many  places  it  is  already  absent  from 
the  concrete  surface.  The  concrete  surfaces  are  badly  deteriorated  and 
will  be  a concern  in  areas  of  stress  concentrations  which  will  be  discussed 
in  the  next  section. 

5.3  The  objective  of  the  stability  analysis  is  to  determine 
whether  or  not  the  monolith  of  this  old  structure  meets  the  present  day 
criteria  of  desired  safety  against  overturning,  sliding,  and  excessive 
base  pressures.  The  present  day  criteria  is  set  forth  by  the  Office  of 
the  Chief  of  Engineers  in  their  Engineering  Manuals  and  Technical  Letters. 
These  are  the  standards  which  are  set  forth  to  reflect  the  current  state 
of  art  for  the  design  or  analysis  of  civil  works  structures.  Any 
advance  in  the  state-of-art  reflecting  needed  changes  in  these  criteria 

is  a separate  consideration  and  is  to  be  used  only  by  approval  of  the 
Office  of  the  Chief  of  Engineers.  Even  with  the  criteria  from  the 
Engineering  Manuals  and  Technical  Letters  engineering  judgment  will  have 
to  be  used  in  certain  aspects  of  the  analysis.  In  these  considerations 


it  is  important  not  to  relax  engineering  concepts  to  include  variables 
which  are  not  dependable  because  during  infrequent  but  special  condi- 
tions they  could  cause  failure. 

5, A The  first  information  needed  in  order  to  start  a stability 
analysis  is  the  physical  geometry  of  the  various  monoliths.  This  is 
needed  in  the  actual  analysis  as  well  as  in  the  selection  of  the  mono- 
liths to  be  analyzed.  When  analyzing  an  old  lock,  it  is  important  to 
determine  the  as-built  construction.  In  this  case  no  as-built  plans 
were  available;  therefore,  other  means  had  to  be  used  to  determine 
construction  variations  from  that  planned.  Construction  photographs 
and  borehole  data  were  used  to  help  establish  any  construction  varia- 
tions from  that  which  was  planned. 

5.5  After  the  monoliths  for  analysis  have  been  selected  and  their 
geometry  determined,  possible  loading  conditions  must  then  be  deter- 
mined. A summary  of  the  loading  and  criteria  used  in  the  stability 
analysis  is  given  below  and  a more  detailed  explanation  is  given  in 
Appendix  A. 

5.6  The  surface  elevations  of  normal  upper  and  lower  pools  are 
682.0  and  664.5,  respectively.  The  saturation  levels  in  the  backfill 
were  used  as  given  in  Table  A-2.  These  are  the  levels  which  have  been 
used  as  design  standards  by  the  Pittsburgh  District.  The  density  of 
backfill  material  was  120.7  and  137.9  lb/ft  * for  the  drained  and  saturated 
weights,  respectively.  The  horizontal  force  expected  by  the  backfill 
material  on  the  land-wall  monoliths  was  used  as  a coefficient  times  the 
vertical  soil  pressure  at  that  depth.  A lower  bound  "at-rest"  coefficient 
of  0.5  was  used.  The  location  of  the  resultant  soil  pressure  was  considered 
to  be  as  suggested  in  Engineer  Manual  EM  1110-2-2602  for  walls  supported 

on  rock  foundations: 

a.  0. 38H  above  the  base  for  horizontal  or  downward  sloping 
backf ill . 

b.  0.45H  above  the  base  for  upward  sloping  backfill. 

5.7  The  density  of  concrete  was  used  as  151.3  lb/ft  which 

was  an  average  of  many  measurements  obtained  from  cores.  The  boat  im- 
pact was: 


5.2 


a.  Lock  chamber  wall:  80Q  lb/ft  but  not  less  than  40,000  Lb 

per  monolith. 

b_.  Other  walls:  2500  lb/ ft  but  not  less  than  120,000  lb 

per  monolith. 

The  hawser  pull  was  considered  as  24,000  lb  distributed  over  a monolith 
of  30  ft  length.  The  boat  impact  and  hawser  pull  is  considered  as  act- 
ing 5 ft  above  the  waterline  and  is  combined  with  the  most  severe  normal 
loading  conditions. 
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5.8  An  allowable  base  pressure  of  20  K/ft  was  used.  This  allow- 
able valve  was  used  because  it  is  that  which  has  become  acceptable  by 

2 

the  Pittsburgh  District.  A wind  loading  of  30  lb/ft'  was  used  when 
applicable.  For  sliding  the  cohesion  valve  (C)  was  0 and  the  angle  of 
sliding  friction  ( <J> ) between  the  concrete  and  foundation  was  30.5  deg. 

5.9  Resistance  to  overturning  was  considered  adequate  if  the  re- 
sultant fell  outside  the  kern  but  within  the  middle  half  of  the  base  for 
both  the  normal  operation  and  extreme  maintenance  cases  using  "at  rest" 
earth  pressure  coefficients. 

5.10  The  criteria  for  determining  resistance  to  sliding  are  given 
in  ETL  1110-2-184  and  the  safety  factors  are  listed  in  ETL  1110-2-22. 

Results 

5.11  A summary  of  the  results  analysis  is  given  in  Table  5.1* 

A discussion  of  the  stability  of  the  individual  monoliths  will  be  given 
below.  Since  the  inadequacy  of  the  monoliths  is  the  factor  which  is 
significant,  the  monoliths  which  are  inadequate  in  stability  are  the 
only  ones  which  will  be  discussed. 

a.  Monolith  I.-17  is  very  inadequate  for  overturning  and 
base  pressures  for  both  the  normal  operation  and 
maintenance  cases. 

t).  Monolith  L-19  is  very  inadequate  for  overturning  and 
base  pressures  for  both  the  normal  operation  and 
maintenance  cases. 

c_.  Monolith  L-25  is  very  inadequate  for  overturning  and 
base  pressures  for  both  the  normal  operation  and 
maintenance  cases. 

ti.  Monolith  L-33  is  very  inadequate  for  overturning  and 
base  pressures  for  both  the  normal  operation  and 
maintenance  cases. 
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e_.  Monolith  1,-42  is  supported  by  a piling  foundation  which 
is  inadequate  in  design.  The  horizontal  loads  per  pile 
are  l4.l4R  which  is  greater  than  8K  allowable.  The 
vertical  load  per  pile  is  136.7^  which  is  greater  than 
10C>4  allowable. 

_f . Monolith  M-5  is  inadequate  for  sliding  in  the  normal 
operation  case.  It  is  inadequate  for  sliding  and  base 
pressure  in  the  dewatered  case. 

£.  Monolith  M-7  is  inadequate  for  overturning  in  both  the 

normal  operation  and  maintenance  cases.  It  is  inadequate 
for  base  pressures  in  the  maintenance  case. 

h_.  Monolith  M-10  is  inadequate  for  overturning  and  base 
pressures  in  the  maintenance  case. 

i_.  Monolith  M-13  is  inadequate  for  overturning  in  both 

the  normal  operation  and  maintenance  cases.  It  is  in- 
adequate for  base  pressures  in  the  maintenance  case. 

j_.  Monolith  M-22  is  somewhat  inadequate  for  overturning 
in  the  normal  operation  case. 

k_.  Monolith  R-12  is  inadequate  for  overturning  and  base 

pressures  in  the  maintenance  case.  It  is  very  inadequate 
for  sliding  in  the  maintenance  case. 

1_.  Monolith  R-13  is  inadequate  for  overturning  in  both 
the  normal  operation  and  maintenance  cases.  It  is  in- 
adequate for  base  pressures  in  the  maintenance  case. 

m.  Monolith  R-15  is  inadequate  for  overturning  for  the 

normal  operation  and  maintenance  cases.  Base  pressure 
is  a little  high  for  the  dewatered  case. 

n_.  Monolith  R-20  is  inadequate  for  overturning  in  the 
normal  operation  case  and  is  a little  inadequate  for 
sliding  in  the  maintenance  case. 

o_.  Monolith  R-23  is  a little  inadequate  for  overturning  in 
the  normal  operation  case. 

£.  The  lower  miter  sills  are  inadequate  for  sliding  in  the 
maintenance  cases. 

5. 12  An  analysis  of  typical  dam  piers  is  given  in  Reference  1 
which  shows  that  they  are  stable;  these  results  are  not  reproduced  in 
this  report. 

3.13  Almost  all  of  the  monoliths  in  the  land  wall  are  inadequate 
in  their  resistance  to  overturning  and  base  pressures.  Under  unfavor- 
able conditions  this  could  cause  problems. 
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5.14  In  general  the  monoliths  in  the  middle  and  river  walls  are 
inadequate  in  their  resistance  to  overturning.  This  is  especially  true 
for  the  middle  wall  monoliths  in  the  dewatered  case.  If  the  locks  are 
dewatered,  precautions  would  have  to  be  taken  to  keep  the  middle  wall 
monoliths  stable. 

5.15  Monoliths  M-5,  M-10,  and  R-12  are  inadequate  for  sliding  in 
the  normal  operation  case  which  could  allow  them  to  experience  movement 
when  subjected  to  unfavorable  conditions. 

5.16  The  miter  sills  are  inadequate  for  sliding  if  the  locks  are 
dewatered . 

5.17  The  middle  and  river  wall  monoliths  are  close  enough  to  be 
considered  adequate  for  base  pressures. 

5.  18  There  are  two  acceptable  approaches  to  this  situation  when 
considering  only  the  stability  of  monoliths.  One  approach  is  to  say 
the  monoliths  do  not  meet  the  criteria  and  examine  the  feasibility  of 
modifying  the  construction  or  replacing  the  locks  and  dam.  The  other 
approach  is  to  give  consideration  to  the  length  of  time  the  monoliths 
have  been  in  service  without  excessive  relative  settlement  or  misalign- 
ment, and  to  schedule  periodic  inspections  of  the  locks  and  dam  so  that 
any  potential  trouble  can  be  detected  and  corrective  action  taken. 

The  periodic  inspection  has  merit  because  minimum  maintenance  can  be 
performed  to  protect  the  monoliths  from  weathering,  and  decisions  of 
replacement  made  when  conditions  warrant  such  action.  Rehabilitation 
or  replacement  should  be  considered,  taking  into  account  the  total 
condition  (operational  and  structural)  of  the  locks  and  dam. 
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uunnarv  of  Stability  Analysis  Results 
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Table  5.1  (Concluded) 


SECTION  6:  STRESS  ANALYSIS 


Introduction  and  Problem  Statement 


6.1  In  the  structural  evaluation  of  Montgomery  Locks,  a two- 
dimensional  plane  strain  finite-element  analysis  was  used  to  determine 
stresses  within  selected  structural  monoliths. 

6.2  It  is  becoming  increasingly  important  to  understand  the  phe- 
nomenon of  stress  distribution  in  structures  and  not  depend  entirely  on 
average  stress  approximations  as  has  been  done  in  conventional  design. 
Knowledge  of  the  total  stress  field  is  important  in  order  that  stress 
concentrations  and  decisions  for  concrete  reinforcement  can  be  handled 
wisely  and  economically.  This  is  especially  important  when  considering 
that  raw  materials  are  being  depleted  and  should  be  used  wisely  and  n<>t 
at  a rate  in  excess  of  that  which  is  absolutely  necessary.  C nventi  nal 
analysis  usually  leads  to  a safe  but  overly  conservative  design  because 
the  whole  stress  field  is  not  known  and  observations  of  stress  concen- 
trations cannot  be  delineated,  studied,  and  adequately  reinforced.  The 
finite-element  analysis  adds  a new  dimension  or  advantage  in  this  re- 
spect. Finite-element  studies  do  not  make  conventional  design 
obsolete;  in  fact,  it  is  a supplement,  making  a combination  which  is 
much  better  than  either  separately.  It  is  important  to  consider  stress 
distribution  in  areas  of  stress  concentration  when  evaluating  old  struc- 
tures which  have  cracked  and  are  deteriorating. 

Finite  K.cment  Analysis 

6.3  The  finite-element  analysis,  is  used  to  get  some  idea  of  the 
magnitude  of  compressive-  and  tensile-  * res..;  concentrations  within  the 
monoliths  under  norma!  operation  and  maintenance  conditions.  The  finite- 
element  solution  gives  good  results  as.  Long  as  the  model  adequately  rep- 
resents the  actual  situation  and  as  long  as.  any  assumptions  made  can 
logically  be  seen  jr  proven  to  be  adequate.  In  the  following  analysis, 
elements  were  made  continuous  under  the  monolith  which  allows  tension 


between  the  base  and  foundation  which  is,  of  course,  unrealistic.  The 
tension  effect  dissipates  rapidly  but  will  decrease  the  compressive 
stresses  at  the  base-foundation  interface  on  the  opposite  side  of  the 
monolith.  This  effect  can  be  eliminated  but  the  time  and  funding  re- 
quired to  do  this  trial  and  error  solution  are  beyond  the  scope  of  this 
proj ect . 

6 .it  The  loads  applied  on  the  two-dimensional  sections  are  pre- 
sented in  Figures  6.2,  6.9,  6.15  and  6.19.  In  a two-dimensional  anal- 
ysis of  the  monolith:-.,  such  factors  as  changes  in  geometry  and  loading 
along  the  monoliths  lengths  can  only  be  approximated.  Localized  loading 
(gate  anchorages,  impact,  hawser,  etc.)  will  not  give  realistic  stresses 
if  applied  on  a one- foot  length  of  monolith.  In  order  to  obtain  more 
realistic  stress  values,  concentrated  loadings  were  considered  by  using 
a per  foot  load  obtained  from  distributing  the  total  load  over  a length 
or  a portion  of  the  length  as  given  by  a U50  distribution.  The  U50  dis- 
tribution originates  at  the  point  of  load  concentration  and  extends  in 
the  direction  of  loading  until  its  sides  intersect  the  outer  edge  of  the 
monolith.  This  can  be  done  in  both  the  horizontal  and  vertical  planes 
with  the  shortest  distance  between  intersections  being  the  more  critical. 
The  distance  between  intersections  in  the  more  critical  plane  was  used 
as  the  length  over  which  to  distribute  the  concentrated  compressive 
loads  and  one-half  this  type  distribution  was  used  for  concentrated  ten- 
sile loads.  The  maximum  compressive  values  were  at  the  intersection  of 
the  base  and  foundation  and  a U50  distribution  will  give  as  reasonable 
a spread  of  the  load  to  the  foundation  as  any  assumed  distribution. 

6.5  The  maximum  tensile  stresses  are  around  ui verts  at  changes 
in  geometry,  at  hawser  locations,  and  at  anchorages.  he  maximum  is 
rather  localized  at  the  point  of  application  and  w 1 . i nly  be  relieved 
by  leformation  tending  to  spread  the  load  over  the  section  of  concrete 
which  i being  separated  from  the  monolith  by  tensi  n.  A U50  distribu- 
tion of  this  tensile  load  will  give  concentrated  stresses  which  are  too 
low;  therefore,  an  approximation  of  one-half  the  U50  distribution  was 
used  in  the  analysis. 
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6.6  An  important  concept  is  that  changes  in  geometry  and  loading 

along  the  monolith  length  make  the  problem  a three-dimensional  analysis  * 
and  approximations  have  to  be  made  in  a two-dimensional  analysis.  In 
the  following  work,  the  two-dimensional  analysis  is  used  to  obtain  some 
idea  of  maximum  stresses  in  the  monoliths.  Three-dimensional  analysis 
should  be  used  in  a detailed  evaluation  of  stress  distribution  which  is 
not  the  objective  of  this  study. 

6.7  Average  elevations  of  soil  behind  the  monoliths  were  consid- 
ered as  was  done  in  the  stability  analysis.  In  making  stress  and  dis- 
placement calculations,  the  backfill  was  not  used  as  part  of  the  grided 
medium.  There  were  two  reasons  for  this: 

a.  Many  elaborate  tests  of  backfill  material  would  be  re- 
quired to  define  the  backfill  properties  precisely.  This 
was  not  done  because  the  vertical  and  horizontal  backfill 
loads,  which  are  obtained  by  using  unit  weights  and  coef- 
ficient of  at-rest-earth  pressure,  are  within  the  accu- 
racy of  the  study. 

b.  The  finite-element  grid  would  become  very  large. 

The  density  of  the  backfill  material  was  used  to  get  vertical  loads. 

The  coefficient  of  at-rest-earth  pressure  and  the  density  of  the  back- 
fill material  were  used  to  obtain  the  horizontal  loads.  The  water  pres- 
sure from  saturation  level  was  taken  into  account.  The  loads  are  then 
applied  at  node  points  of  the  finite-element  grid. 

6 .8  One  consideration  which  must  be  made  in  the  stress  analysis 
is  the  effect  of  uplift  on  the  base  of  the  monolith.  In  certain  cases 
the  effect  will  be  negligible,  but  in  others  it  could  be  substantial; 
therefore,  the  effect  must  be  included.  The  important  concept  concern- 
ing uplift  is  that  it  is  a support  condition,  and  its  effect  (small  or 
large)  is  dependent  on  its  distribution.  Specific  loadings  on  a struc- 
ture cause  a specific  distribution  of  pressure  under  the  monolith  base. 
The  uplift  will  change  this  distribution,  thereby  affecting  the  support 
condition  of  the  monolith.  It  can  be  seen  that  the  pressure  distribu- 
tion under  the  monolith  affects  the  stress  in  the  structure  only  by 
deformations  resulting  from  the  support  condition.  By  looking  at  free 
body  force  diagrams  of  a monolith,  in  fact,  a section  an  infinitesimal 
distance  above  the  base  (in  rigid  body  analysis),  can  be  taken  and  the 
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upper  pari  of  the  monolith  considered  as  a free  body.  The  analysis  wi ] 1 
then  not  even  see  the  pressure  distribution  at  the  base;  therefore,  the 
distribution  affects  the  stress  analysis  through  deformations  which  are 
taken  into  account  in  the  finite-element  study.  Uplift  could  have  sig- 
nificant effect  where  there  are  large  culverts  close  to  the  base  of 
the  monolith  and  the  distribution  is  such  as  to  load  the  slab  to  in- 
crease stresses.  A reasonable  way  to  handle  the  uplift  is  to  put  a slit 
of  foundation  material  below  the  structure  of  thickness  such  that  the 
deflection  of  the  mono lit  h at  the  base  is  less  than  the  slit  thickness 
in  order  that  problems  in  code  solutions,  such  as  negative  element 
areas,  and  aspect  ratio,  will  not  be  encountered. 

6.9  The  stresses  given  in  the  finite-element  computations  follow 
the  nomenclature  given  in  Figure  6.1  below. 


Figure  6.1,  Stress  nomenclature 


6.10  The  stress  distributions  in  this  section  of  the  report  show 
the  major  and  minor  principal  stresses  in  their  respective  directions 
at  the  centroid  of  the  element.  The  arrows  denote  tension  if  directed 
toward  the  centroid,  and  compression  if  directed  away  from  it.  The 
values  printed  on  the  stress  plot  are  the  element  number,  minimum 
principal  stress,  and  maximum  principal  stress.  A positive  sign  indi- 
cates tension  and  a negative  sign  indicates  compression. 

6.11  Monoliths  within  the  lock  which  will  have  maximum  tensile 
and  compressive  stresses  were  selected  for  analysis. 

6.12  Cracking  in  concrete  is  a stress  problem  and  in  general  is 
not  an  important  factor  in  the  stability  of  a structure.  With  this  in 
mind,  the  most  important  thing  to  do  is  to  deterra  ne  the  cause  of  the 
cracking  and  from  this,  decide  if  the  region  of  iverstressing  will 
continue  to  exist.  This  will  allow  a determination  of  the  importance 
of  the  crack  and  what  remedial  measures  are  applicable.  For  example, 
the  crack  may  have  been  caused  by  past  temperature  variations  and  will 
be  significant  only  in  that  they  should  be  sealed  and  protected  from 
the  weather.  In  other  cases  the  cause  of  cracking  may  continue  and  will 
be  a definite  threat  to  the  structural  integrity  of  the  structure. 

6.13  As  has  been  discussed  in  Section  2 much  of  the  cracking, 

especially  the  longitudinal  crack  down  the  center  of  the  middle  wall,  is 
probably  caused  by  barge  impact.  Barge  impact  will  continue  to  be  applied 
to  the  monoliths  even  more  severely  than  in  the  past  because  of  the 
trend  to  push  heavier  loads.  This  can  have  a significant  effect  on  the 
structural  integrity  of  the  lock  monoliths.  The  stress  analysis  results 
can  now  be  studied  and  their  impact  on  the  cracking  accessed.  Stress 
analysis  was  performed  on  monoliths  L-17,  M-8,  M-10,  and  R-12.  L-17  is 

a landside  gate  bay  monolith  which,  in  the  dewatered  case,  will  have 
soil  and  gate  loads  producing  stresses.  Monoliths  M-8  and  M-10  are  in 
the  region  of  the  middle  wall  where  the  predominate  crack  extends  down 
the  center  of  the  wall  parallel  to  the  lock  chamber.  K-12  was  selected 
to  examine  the  cracks  in  a river  wall  gate  bay  monolith. 

6.14  The  loadings  for  monolith  L-17  are  given  in  Figure  6.2. 

The  total  stress  plots  for  the  normal  operation  and  dewatered  cases  are 
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given  in  Figures  6.3  and  6.4,  respectively.  The  monolith  section  de- 
picting the  area  of  stress  concentration  (Area  "A")  is  given  in  Fig- 
ure 6.5.  The  areas  showing  the  stress  concentration  plates  for  the  nor- 
mal operating  and  dewatered  cases  are  given  in  Figures  6.6  and  6.7, 
respectively.  The  concern  wiiich  first  comes  to  mind  is  that  there  could 
be  excessive  tensile  stresses  due  to  the  gate  and  horizontal  soil  loads 
acting  on  the  monolith  simultaneously.  The  gate  loads  do  not  predominate; 
especially,  if  they  are  applied  over  half  of  a 45°  distribution  across 
the  section  on  which  they  act.  In  reality  at  the  concentrated  position 
of  the  anchors,  there  may  be  higher  tensile  stresses  than  the  distribution 
indicates  but  as  the  concrete  strains  the  loads  will  distribute  over  a 
wider  area  allowing  a decrease  in  maximum  stresses.  The  values  obtained 
are  about  as  good  of  an  approximation  as  can  be  obtained  without  doing  a 
three-dimensional  analysis  of  the  monolith. 

6.15  The  largest  tensile  stresses  are  obtained  at  locations  of 
stress  concentration  which  are  around  the  culverts  and  at  positions  of 
change  of  shape  (where  the  monolith  is  stepped).  The  maximum  tensile 
stresses  around  the  circular  culverts  are  approximately  120  and  290  psi 
for  the  normal  operational  and  dewatered  cases,  respectively;  therefore, 
they  are  excessive  for  unreinforced  concrete.  At  the  step  in  the  mono- 
lith the  maximum  tensile  stresses  are  about  125  and  150  psi  for  the 
normal  operational  and  dewatered  cases,  respectively,  and  are  also  ex- 
cessive. The  analysis  shows  that  the  stresses  attenuate  rapidly  as  the 
distance  from  the  area  of  stress  concentration  increases.  This  means 
that  properly  placed  reinforcement  around  areas  of  stress  concentration 
is  very  important  and  can  eliminate  concrete  cracking. 

6.16  The  maximum  compressive  stresses  at  the  base  of  the  monolith 
are  in  excess  of  600  and  1250  psi  for  the  normal  operational  and  de- 
watered cases,  respectively. 

6.17  The  loadings  for  monolith  M-8  are  given  in  Figure  6.8.  The 
total  stress  plot  for  the  normal  operating  case  is  given  in  Figure  6.9. 

The  monolith  section  depicting  the  area  ("B")  of  stress  concentration  is 
given  in  Figure  6.10.  The  depicted  areas  of  stress  concentration  are 
given  in  Figure  6.11.  The  tensile  stresses  for  the  normal  operating 
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case  are  as  large  as  those  for  the  dewatered  case;  therefore,  the  areas 
of  stress  concentration  are  only  shown  for  the  normal  operating  case. 
Monolith  M-8  is  a middle  lock  wall  monolith  in  the  region  where  the  wall 
is  cracked  along  its  center  parallel  to  the  lock.  The  maximum  tensile 
stresses  are  around  the  filling  and  emptying  culverts  and  at  the  step 
where  the  monolith  changes  shape.  The  maximum  tensile  stress  around  the 
culvert  is  somewhat  larger  than  800  psi.  This  stress  is  too  large  and 
will  crack  the  concrete.  From  Figure  6.11  it  can  be  seen  that  when  the 
concrete  cracks  tensile  stresses  are  allowed  to  distribute  upward  through 
the  center  of  the  monolith.  This  distribution  can  distribute  through 
the  pipe  gallery  and  generally  cause  center  line  cracking  down  the 
center  of  the  middle  wall.  The  loads  are  instantaneous  and  will  have  a 
dynamic  load  factor  in  relation  to  static  loads;  this  will  make  the 
instantaneous  loading  more  damaging  than  a static  loading.  Computer 
computations  were  made  with  and  without  barge  impact.  From  a comparison 
of  the  stress  plots  it  was  seen  that  barge  impact  was  what  substantially 
causes  the  large  tensile  stresses. 

6.18  The  compressive  stresses  at  the  base  of  M-8  are  over  1200 
psi  and  can  cause  problems  in  fragmented  or  deteriorated  concrete  or 
foundation  material.  The  foundation  material  under  the  lock  is  fragmented. 

6.19  The  loadings  for  monolith  M-10  are  given  in  Figure  6.12.  The 
total  stress  plot  for  the  normal  oprating  case  is  given  in  Figure  6.13. 

The  monolith  section  depicting  the  areas  ("C"  and  "D")  of  stress  concen- 
tration is  given  in  Figure  6.14.  The  depicted  areas  of  stress  concentra- 
tion are  given  in  Figures  6.15  and  6.16.  Monolith  M-10  does  not  have 

the  impact  load  applied  and  the  tensile  stresses  can  be  seen  to  be  de- 
creased considerably.  The  maximum  tensile  stresses  are  approximately 
130  psi  and  the  maximum  compression  about  the  same  which  is  much  lower 
than  those  present  when  boat  impact  loads  are  applied. 

6.20  The  loadings  for  monolith  R-12  are  given  in  Figure  6.17. 

The  total  stress  plot  for  the  normal  operating  case  is  the  more  critical 
and  is  given  in  Figure  6.18.  The  monolith  section  depicting  the  areas 
("E"  and  "F")  of  stress  conditions  is  given  in  Figure  6.19.  The  depicted 
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areas  of  stress  concentration  are  given  in  Figures  6.20  and  6.21 
stresses  due  to  gate  and  other  loadings  do  not  produce  excessive 
in  this  monolith.  The  cracking  in  this  monolith  is  small  and  is 
continuities  or  cutouts. 
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Figure  6.5.  Monolith  L-17  depicting  area  of  stress 
concentration  ("A")  for  both  the  normal 
operating  and  dewatered  cases. 
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Figure  b.b.  Monolith  1.-17,  area  of  stress  ronrentr.it  ions  as 
by  area  "A"  normal  operating  case. 
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I'  i^ure  0.7.  Monolith  L- 1 7 , area  of  stress  concentrations  as 
by  area  "A"  dewatered  case. 
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i-  f>.7.  Monolith  1.-17,  area  of  stress  concentrations  as  depicted 
by  area  "A"  dewatered  case. 
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Figure  6.9.  Monolith  M-8,  total  stress  distribution,  normal 
operating  case. 


6.  18 


Monolith  M-8  depicting  areas  of  stress 
concentration  ("B")  for  the  normal 
operating  case. 


Figure  6.10 
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Figure  6.14.  Monolith  M-10  depicting  areas  of  stress 

concentration  ("C"  and  "D")  for  the  normal 
operating  case. 


6.25 


- Y ( STRESS  j PIIO  .MONTGOMERY  L*0.N0RHAl  E I OK 

7390. 0 7406-0  7420.0  7436  t 74s>;  1 7466.0  7480-0  7496. 0 761  76/E  . 7640  C 7666. C 7670  C 7586 


o 


MONTGOMERY  L+0.M10  - 20  PLAIN  STRAIN  ANALYSIS  000000 


1 1B9 

nTo 

lift 

1 lft 

11>3 

1 

-22.2 

-24.0 

-27.5 

-32.4 

-38.0 

- 

-12.3 

-10-9 

-8.7 

-6.2 

-3.8 

- 

l 

1 


OV 

1 1?7 

11^8 

1 lfefi 

llfeo 

1 

-23.0 

-24.9 

-28.4 

-33.3 

-38.8 

- 

-11.5 

-8.5 

-5. 5 

-2.9 

-1  .0 

0 

1143 

lift 

1 lft 

11*6 

1 1 fQ 

1 

24 . 1 

-25.5 

-29.3 

-34.1 

-39.  S 

- 

-10.0 

-4.2 

-0.6 

1 .8 

2.4 

2 

1 iffo 

lifer 

life? 

nfes 

life* 

1 

-23.4 

-26.5 

-29.7 

-34.3 

-39.6 

- 

6.8 

3.0 

8.1 

7.4 

6.1 

4 

1 

11^8 

1 1 T9 

11S0 

u8a 

1 

-27.3 

-24  .7 

-28.5 

-33.2 

-38.7 

- 

0.9 

22.9 

17.2 

12.5 

9.6 

6 

11^4 

1 1$S 

1 196 

11$7 

1 lfe 

- 10.0 

-17.5 

-24.5 

-30.5 

-37.3 

54  8 

36.6 

22.0 

17.5 

11.2 

12^3 

1 2*!  1 

12^2 

12ft 

12fe 

4 . 1 

-18.1 

-31  .6 

-28.9 

-41  .0 

12%2  _ 
-i7.3  r 

70. 1 

-1  .3 

20.0 

-0.9 

4.8 

12Sl 

89.0,  2^3 

/ 

1234 

-26.4 

-10.7 

0.9 

14.9 

64  8 

27.7 

1280 

12^1 

. *£2 

1283 

12&4 

12^5 

12^6 

1 

-20.9 

-14.9 

7 .6 

-13.5 

-23.9 

-30.9 

-38.0 

- 

24.0 

28.3 

14.5 

7.5 

3.3 

0.3 

-3.0 

- 

I 

J 


I 

192.0 


207.0 


222.0 


237.0 


252  .0 


267.0 


— 1 

282.0 


297.0 


312.0 


327.0 


“T 1 1 

342.0  357.0  372.0 


i 


/ 


ifw 

-rr.9 

-2?. 6 


-3IH7 


l/fW 
- 85 .5s 
-10.3 


\/$Y 
- 45.5 
-10.9 


.0  552.0 


567  . 0 582.0 


597.0 


~r 1 

612.0  627.0 


642.0  657.0  672.0 


“1 

687  .0 


~1 

717.0 


“I 

732.0 


*2 

J 


ttECEDltV 


'■y^LANK 


SIlIUD 


t;STRf?;  . .-is'V'lfR*  . .a.SORflOL  OPCHS' :3fc 


MONTGOMERY  L*0.M10  20  PLAIN  STRAIN  MNHlYSIS 


ODOOOO 


s» 

5*.s 

sf 

40.8 

5*$ 

slS 

srt 

S&  S 36 

S37 

638 

639 

640 

54? 

54$ 

64% 

54% 

sC  .7 

34  3 

20  0 

21  -0 

15  9 10-6 

6 .6 

5.2 

6.4 

9-0 

12  7 

17  6 

7 37 

-30  7 

-5.7 

S.O 

3.8 

2 .8 

- 1 2 

0.3 

0-3  0.3 

0-3 

1 4 

3 6 

5 3 

67 

7.8 

8.5 

9 0 

s - 

sI!.7 

5» 

5f% 

5 

Sf>*9  560 

66*1 

56? 

663 

564 

56% 

56% 

66% 

56% 

91  .3 

36  • 1 

20  7 

213 

14  7.6 

-2.7 

-1  -3 

2.7 

-5-2 

9-0 

-14  4 

21  .8 

311 

0 

6 - 1 

5-2 

-3.7 

-2.0 

0.3 

1 -2 

2.0  2.2 

2 - 1 

3.7 

6.0 

7.6 

8-5 

9 1 

9-6 

10.0 

£ 

sm 

57* 

5£.S 

5^1 

Sf$ 

Slfl  504 

565 

586 

587 

508 

599 

596 

59$ 

59$ 

94  9 

4f6  .2 

29.0 

-20.3 

11.3  -2.9 

3.4 

2.3 

1 .0 

-0.7 

3.5 

8.2 

-15.9 

28. 1 

-6.5 

-5.5 

-3.9 

- 1 -9 

0.6 

2.7 

4.1  4.2 

4 .0 

8.3 

10.6 

10-9 

10-4 

9.6 

9-2 

••  ) 

608 

6W 

‘t. 

6t; 

r.dt 

60^7  608 

609 

610 

6lT 

612* 

613 

614 

6 it 

• it 

6p . 3 

90  - 3 

29  0 

18.8 

7.4  3-f 

39 

2.5 

l 7 

1 .2 

0-5 

0 8 

-5.2 

-17.0 

6.8 

-6.4 

4 .8 

2.4 

06 

4 4 

6.6  7.7 

14.2 

18-8 

19  8 

18  •$ 

16*0 

11^6 

7 J 

S .6 

8 8 

6le 

8 . 3 

^ 9 

6 9 

4 2 

6?fe 

28.3 

-0.0 

63?) 

18  1 

4 . 6 

631  632 

4 1 B.(  - 

11-2  18 

r* 

633 

85*^° 

634 
0 8 
30.5 

635 
1 1 
29. 0 

636 

0.3 

26-4 

637 

0.1 

22  4 

638 

0.1 

16-9 

639 

0.5 

9.0 

64*0 

4.2 

0.4 

? 

T, 

61, 

Si.  4 

6t6 

65% 

20  4 

65% 

16  3 

ctf  557 

6n  6 , 15  6 

12%  656  51-8 

6 .6 

4 5 

34  5 

i.  5 

-14.3 

-13.6 

8.0 

1 -9 

4 .5 

21  • 1 

? ■ 

*#.. 

41.7 

660 

eok 

67% 

67% 

67% 

673 

6|  4 

50.8 

4 0 5 

31  .2 

20  2 

4.3 

e 

19.4 

17.3 

0 .6 

-1  .6 

4 . 3 

7.1 

«*• 
<* . 
«~ 

6t» 

68* 
Stf.  i 

68* 
4?. 5 

68% 

35  8 

68% 

25  0 

b8% 

8.1 

-7  16 

-11.7 

-9-9 

4 8 

-01 

2.5 

2.5 

o 

o 

-'ft.. 

’els 

69* 

5^.7 

69* 

4 9'.  4 

69% 

40.8 

69% 

-30.7 

69% 

14.6 

?- 

-9-9 

-7.3 

4 . 1 

-0.9 

1 6 

2.5 

0.4 

* 

7ii 

7 (Mk 

70* 
5$.  1 

70* 
5?.  3 

io\ 

70% 

70% 

69 .4 

57.6 

-45\2 

36  8 

77  .8 

-9.1 

6.1 

1 8 

l -5 

3.1 

2.7 

-0.5 

714 

-5?. 4 

7l? 
5?. 6 

71? 

5^.5 

71* 

-sr.6 

71* 

-48\? 

72% 

32.0 

a 

1 

9.4 

-5-2 

-04 

2.8 

3.9 

2.7 

-t  .2 

t -i 

23., 

72# 

47.9 

72* 

-5f\o 

iKo 

7JS.S 

’.to 

«? 

9.5 

4.3 

0-8 

3-8 

4.2 

2.5 

1 -8 

73? 

34  .6 

7«% 

4?.2 

74* 

-50'.  7 

74* 

55\  5 

74* 

57\4 

’1.0 

94 

-3.0 

2.0 

4 . 4 

4 .3 

2.0 

2.4 

j 

75? 

2!  < 

75% 

38-6 

7 S'* 

49'.  3 

7 5* 
5711 

75* 

61\9 

75* 

6A-Q 

7ft.2 

* H 

8 .6 

1 .3 

3.1 

4 .0 

4 .0 

1 .3 

-3.0 

76? 

18  2 

7&V 
34  3 

76* 

47.1 

76* 

5815 

76* 

-66\7 

76* 

7?,.? 

% 

; 

-5.3 

0.7 

3.9 

4 .6 

3 2 

0-4' 

3.8 

77% 

7 7? 

77*, 

77* 

5914 

7 7 If 

7I\4 

’8*. 

7^. 

15-? 

30  2 

45  5 

01V  6 

■ W.t 

a 

2.? 

3.1 

4 l 

3.4 

1 .5 

1 .($ 

4)7 

" 

78*) 

14.4 

1 1 .7 

78% 

-26. 5 
6.1 

78%, 

42.4 

3.6 

79* 

-57>7 

0.2 

79* 

75\1 

3.4 

79A. 

fV 

t 

799 

13.8 

80% 
-23- 0 

Bok 

37.3 

edit 

6918 

’7k. 

Bol 
- ia^.6 

?1  9 

10. 1 

l -8 

6.1 

-12.3 

if  % 

10\0 

® 1 

/ 

81  1 

81% 

Bl\ 

8tX 

Bf* 

6211 

»tW 

’ll*. 

i 1 .1) 

16  2 

29.9 

44  .5 

-7VV7 

15V 

3S  -9 

12.1 

4 9 

14-2 

24  .0 

-33% 

\ 

82% 

14  0 

8?^ 

6.4 

r» 

83% 

-7.3 

-3.7 

8$ 

21  -8 
1 2 ■ 8 

■9.. 

-21  .0 

a/!** 

8 3 if' 

B4?T 

8 4} 

84$ 

84% 

844 

84?i 

o 

82%  82% 

24  9 If.  5 

8?V 

13.9 

02% 

163 

^5^.5 
29 . 1 

1:? 

ik’  life 

1 00-3' 

V»' 

41  .7 
-7.0 

24  .6 
-5.4 

- 15-1 
4 .3 

- 10. 1 
l .6 

8.3 

2.7 

-7.7 

7.1 

7 .4 
1 l •? 

13.5  -11.8 

10-4 

3.8 

?.l 

31.1 

?S-4 

\ 

\ 

86%  61$ 

06% 

86% 

86% 

867 

868 

0)3% 

87? 

87? 

8 J* 

87A* 

bjK 

87(fk 

07>v 

87% 

87% 

80% 

80? 

88$ 

??8  188 

IS  9 

16.? 

16  4 

16.? 

10.? 

14.1 

23.0 

36.1 

-sh  .0 

6fe  8 

b5  1 9^9 

62.5 

43.0 

30-9 

23.0 

17.9 

14.5 

12-4 

14.5  111 

- 10.? 

5.9 

4 .9 

l?.l 

9 4 

-3.7 

14.5 

-20.2 

-45.2 

2%  .? 

•29.0  lOil 

4 8 

l .0 

1 .3 

1 .0 

-0.5 

0.3 

1 .4 

l .9 

88%  89% 

mA 

80?) 

90T 

90? 

90? 

9 (ft 

ltd? 

1?.„ 

8§L 

9(i 

9qk  9 1 W 

9 l*(t 

91* 
66  >0 

9 lie 

-51.5 

9lk 

91% 

91% 

91% 

91% 

20 - 3 !».? 

18.9 

18  8 

IBS 

18.8 

18.8 

194 

26.1 

bl-2 

7T.  1 7^8 

7 4V»> 

40-3 

-32  .4 

26.3 

10.3 

0 

14.8  175 

8.9 

40 

0.4 

? .7 

-0.7 

-7.S 

14  0 

17.0 

10.6 

16.9 

17.7  9.7 

- 1 .2 

1 2 

1 .5 

1.1 

0.4 

0.0 

- 1 .3 

-2.9 

3 

9$  *3% 

931. 

93? 

9 3% 

9 3? 

93? 

9fl) 

94? 

!f.» 

94« 

9 4*  9 4* 

6%. 9 6A9 

94* 

9 4* 

94k 

S3>8 

9sk 

9Sk 

95% 

«s\ 

95% 

n 8 18  .0 

?ai 

20  9 

-21  .0 

21-0 

19-6 

-21  9 

•25.7 

37  .0 

5%.  7 

66\8 

-62  >1 

46  -0 

38.3 

32.9 

27.9 

24 

14.8  1?  .3 

8.? 

-55 

•M 

3.7 

-7.? 

12. 1 

15-5 

-15  7 

1 4 | 

12.9 

8.9  4.9 

0 8 

1 .8 

7 8 

1 .3 

1 .3 

-1  .7 

-2.5 

7 .4 

° 

»7?) 

97% 

97? 

9 iff 

9* 

98* 

-5^.0 

98* 

-6  l »? 

98k 

98k 

98%, 

18-6 

??.o 

21  .0 

• 4 

45  4 

56  4 

46  5 

37.5 

r 

96?  l0-» 

19  1 

9-A 

-to  3 

97t 

-216 

8 4 

97? 

-21 

16  1 

97? 

-21.7 

r 4 

•3 

12  .3 
3 

4 - 9 96* 

7 6 A 

1 8 

8 

96* 
S9  >5 

32 

98k 

49.6 

-0-1 

98k 

39- 

-5.9 

99*% 

Si 

•14.? 

9 6 

8.7 

-11 

19  4 

- IS  • 

8 

10.5  44 

0-5 

-0.7 

-4-2 

-9  .1 

(41 

no  o 

265 

0 

100.0 

T 

715  .0 

130  0 

745 

0 160  0 

175  0 

190  0 4050  420  0 

43S  0 

1 ' " 
450  0 

465 

.0  < 

• 

1800 

495  (1 

X l STRESS)  M1U .MONTGOMERY  ♦O.NORMAl  OPERATION 


! •'  igure  h.  I fr. 


St  ress  eoneentr.it  ion 


as  depleted  In  I 


J 


A 

21  8 

0 3 


* I £ 

-20  3 


18  8 


&A 

lb  B 


sA 


58% 

11-3 


5 A 
io  e 
o> 


580 
7 6 

2.2 


608 

U 

7.7 


537 
f 6 
03 


561 

? .1 
2 . 1 


637 


ft 


ft 


' *. 

if  3 

•n 


i«6 


7l)k 

72  8 


7^ 

3?  .0 


.1 

. 6 


-s.o 

i 

* 

7*1 

'*• 

Tiv 


53* 

5 2 

I 4 


586 
23 
8 3 


610 

2-5 

l(  8 


539 

' « 

3 5 


663 

-2 -7 

6 .0 


587 

i .0 
10.5 


61  I 
l .7 

16-8 


54  - 
9.0 

5 3 


664 

-5.7 

7.6 


612 

l .2 

‘".ft 


5<iS 

* 2 

• • 


- I 4 
08 
1U  ► 
6 38 


|| 

23- 7 
H.5 


59! 

- 15.9 

97 


6lfc 

5.2 

1 J 

636 

0.6 


30  7 

0 .0 

56* 

31  l 
10.0 

5sb 
28  . I 
9.3 

i ift 

17.0 


54$, 

3»  8 
8? 

41  4 

10.2 


59* 

4 < • 

9.7 

6 1 Vv 
40  2 

5.7 

• *1 

1-3.5 


;! . -;i , •.$ . !j| . fft 


‘’■4* 

JO  7 
2 8 0.7 


5-4* 
58'. 1 
9 2 


' i . %1 

89  7.7  62 

5ti,  'i  sit 

■ l 

"ft  - i\ 


sftb  * 

st  .s  „ 

: v 7 V'9  i 


“K-  % 

ii 

f 

ft 


w- 


1 T 


It. 

2 M 

7ii, 


•1 

7 6 


6lf.6 

ih.s 

ft 

% 

"ft6 

fa 

■ft- 

l .rt 

’ft, 

l 4\ 

fa 

ft. 


S ft 

3.2  -0-5 

ft6 

ft, 


ft, 

3-9 


••  ft 

79  « 


>*  .k 

4 -0 


"1 


ft  . 

6 .0 


-§? 

■ 9 

ft  0 

1 1 4 


6Gf 
61  -0 
IS  2 6 9 


'ft: 


t, 

8 

ft, 

3 2 

'ft  . 

2.5 

t . 

0-3 

* 

35  9 

4 ’ 

6(* 

-37.9 

69 

.1  , 


ft.  ft. 

-1.0  0 4 

ft,  ft., 
ft,  %* 

3.1'  2.1 

fa  :i' 

si* 


ft- 

ft1 

ft- 

ft7 

Is 

fa 


57fe 
26  fl 


i,  A 


6fifc 

10-3 

1 9 

67$ 

16 .4 


69k 
76  8 


ft., 

0.7 

ft,. 

-I  ft 

ft. 

1 0 

ft-? 

- 2 14 

ft.  0 

2 |9 


ft  . ft 

Oft  9 44 


’Ik  . ’& 

1ft  3l9 


>-< 

2.9 


‘U, 


-h‘ 

810 


% \ 1* 

• At* 

80  4 

9-1 

03? 

84^ 

74  6 

94l 
15. 1 

4 3 

*4> 

10.1 

•1.6 

84$ 

0.7 

2.7 

044 

7.7 

7.1 

04? 

1 1 ft 

84^ 

7.0 

14  0 

0 4*f 

0.0 

17.4 

048 
4 0 

14  1 

* nut 

T 

41'4  10-0 

% 

% 

Bsft.  , 
,?  1 

1 if.fi 

056 
1 1 1 
, 7.1 

057 

7.4 

Ift 

850 

0.4 

3.3 

059  860 

-1.0  0.2 
7.2  0-6 

ft.  ft. 

\K 

4 0 

8 <4 

10 

87* 

43  0 
t -3 

• * 

30. 9 
t 0 

97> 

27.0 

05 

00b 

1 1 -8 
0.3 

08^ 

4 

1 4 

seb 

12  4 

I 9 

80b 

-11  1 
l .7 

bffi 

• 10.0 

1 s 

BO*. 

23.1 
7 9 

•ft..  "ft  s 

2.0  4.8 

fa 

H!f0’ 

■!kS 

12lj5 

n'fc 

6.7  \ 

eaX 

56  .'0 
7.7 

89^ 

10.1 

0.1 

094 

•6-3 

-2.6 

095  896 

4 

-0.1  1-7 

i ft , % 

16.9  ir.7  8 ft 

' 

« < 

1 ft 

91* 
66  U 

»7f 

* 

St  5 
1 S 

1 f 

*•  3 

1 .1 

41* 

37-4 

0.4 

Bib 
26  7 

0-0 

' S 

72  0 
l .3 

ft 

19-3 
-2  .9 

91$ 

15.0 

-6.7 

92?) 

|7.0 

8-0 

9^ 

79.8 

-6.2 

’ft  , “ft  . 

3-6  -7.9 

'ft  .4 

1 6 

1 

!*- 

92L 

0%9 

' 4 

92* 
59  »8 

6-5 

92^ 
36.1 
1 .7 

9 3b 

-17.0 

-0.0 

93\  932 

4 

-1.0  1.6 

i .*t . ’ft . 

-If.*  8 9 4 < 

t>’  40 

-0  8 

**h 

62  1 

*• 

! 3 0 

2 9 

• 

l| 

1 -9 

*s’r 

30 . 3 
1 7 

aiy 

32  .8 

- 1 .7 

* 

27  8 
-7.5 

% 

■ * 

4 

71  4 
8-3 

9S* 

4 

-12.1 

9?£ 
-33  6 
7.2 

•ft.,  ’ft.. 

4 

t-. 

1 .'b 

fa 

ft 

7A.P 
9 3 

« 

61A5 

4 

96^ 

4.  . 

5.1 

96b 

20  4 

3 1 

96V  968 

- 13-6  0 0 

0 

3M 

•04  4 '*  .*'* 

« * 1 .8 

«»’* 
> 9 

318 

5* »! 

•99 

**  4 

9 ft 

-ft* 

45  > 

-0.7 

<40* 

• 

•0. 1 

■*0fc 

78  • 

Mfc 

37  5 

-5  9 

99H 
37  5 

8 8 

99ft 
34  . 1 

12  .2 

•It 

-11  . 

H.. 

*0 

5 

1 

W2 

•4.. 0 0 

4 0 

■i 

0.4 

9 

> r 

’S., 

10.* 

0 

■si 

6ft 

10*1 

4 r * 

ll'k.’ 

36  6 
1 9 

l ok  3 

•27.7 

0 * I0t*4 

713 

0-4 

435  J 450  0 463  0 480  0 4«5  0 910  0 

- .miNTOOUC  RY  l*0  .NORrtPL  OPERATION 


. , ns  a 671’  0 585  J 600  0 815-0  630  0 645  0 M 


■ • • t rat ion  as  depicted  by  area  "D.' 


H ECSDIIG  PA  JK  jiBLANK»NOT  FILMED 


rONTGOMERT  L <0  JIJ  ] ?.*  r.*  2E  KL'fl  tfl I 5TPP3  N ANALYSIS 


lyv\ *•••* 


f f 

tf  rrffmm 

ttl  "3“*^  ffffmm 

iftiffi  3333333333 

**  * jjjrjrjjjj  jj  jjjjtf 


V 

y 

y 

y 

* 


**»»*«JJUiHl!ti 

ffllflliiUs 

Figure  6.18.  Monolith  M-10,  total  stress  distribution, 
normal  operating  case. 
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SECTION  7:  CONCLUSIONS  AND  RECOMMENDATIONS 


7.1  There  is  general  spalling,  leaching,  and  cracking  of  the 
concrete  surfaces  of  Montgomery  Locks  and  Dam.  The  crack  survey  implies 
that  a majority  of  the  cracking  in  the  lock  walls  is  caused  by  barge 
impact.  The  longitudinal  crack  parallel  to  the  lock  in  the  middle  wall 

of  Montgomery  Lock  is  hypothesized  to  have  been  caused  by  barge  impact;  there- 
fore, this  can  be  a source  of  deterioration  which  increases  with  lock 
use.  The  pulse  velocity  study  indicates  that  the  cracking  along  the  center 
of  the  middle  wall  does  not  worsen  with  depth.  The  concern  of  the 
cracks  and  spalled  areas,  in  the  concrete  surface,  is  that  they  will 
allow  the  access  of  water;  thereby  causing  an  increased  rate  of  deteriora- 
tion due  to  freezing  and  thawing.  Maintenance  of  the  surface  cracks  and 
spalled  areas  is,  therefore,  essential. 

7.2  In  relation  to  present  criteria,  almost  all  of  the  mono- 
liths on  the  land  wall  are  inadequate  in  their  resistance  to  overturning 
and  base  pressures.  In  general,  the  monoliths  in  middle  and  river  walls 
are  inadequate  in  their  resistance  to  overturning.  This  is  especially 
true  for  the  middle- wall  monoliths  in  the  dewatered  case.  The  miter 
sills  are  inadequate  for  sliding  if  the  locks  are  dewatered. 

7.3  The  stress  in  the  culvert  wall  of  monolith  M-8  is  greater 
than  800  psi  tension.  This  tensile  stress  is  too  large  and  will  crack 
the  concrete.  This  allows  a stress  flow  up  through  the  center  of  the 
monoliths,  thereby  causing  cracking.  This  hypothesized  condition  for 
cracking  should  be  checked  by  inspecting  the  culvert  walls  as  soon  as 
possible . 

7.4  From  the  deteriorated  condition  of  the  surface  of  the  lock 
monoliths,  it  is  evident  that  some  action  must  be  initiated.  Since 
corrective  action  is  needed,  a feasibility  study  should  be  made  to 
determine  what  action  is  necessary  which  will  provide  the  most  economical 
and  adequate  lock  usage  over  a period  of  30  to  50  years.  For  this 
reason,  it  is  recommended  that  a feasibility  study  be  made  considering 
the  following  alternatives: 


7.1 


a.  Minimum  maintenance  and  protection  of  the  locks  and  dam 
from  weathering  with  expected  replacement  when  needed  as 
determined  by  periodic  inspection. 

b.  Rehabilitation  of  locks  and  dam. 
c^.  Replacement  of  locks  and  dam. 

7.5  The  above  recommendations  may  be  affected  by  a total  structural 
and  operational  evaluation.  In  fact,  this  study  does  not  evaluate  the 
foundation,  steel  gates,  bridge  work,  lock  gates,  or  appurtenant  mechani- 
cal or  electrical  facilities.  These  will  be  considered  by  the  Pittsburgh 
District  in  the  overall  evaluation  of  the  locks  and  dam. 


7.2 
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APPENDIX  A:  STABILITY  ANALYSIS 


Introduction 


A.l  In  the  stability  analysis,  the  monoliths  of  the  locks  and  dam 
were  checked  for  adequacy  against  overturning,  sliding,  and  excessive 
base  pressures. 

A.  2 In  general,  the  stability  study  was  done  in  accordance  with 
the  applicable  portions  of  the  following  Engineer  Manuals  and  Engineer 
Technical  Letters. 


A.  3 

Table  A.l, 


a.  EM  1110-2-2502,  Retaining  Walls. 

b.  EM  1110-2-2602,  Planning  and  Design  of  Navigation  Lock 
Walls  and  Appurtenances. 

£.  EM  1110-2-2607,  Navigation  Dam  Masonry. 

ci.  ETL  1110-2-22,  Design  of  Navigation  Lock  Gravity  Walls. 

£.  ETL  1110-2-184,  Gravity  Dam  Design  Stability. 

The  summary  sheets  and  stability  computations  are  given  in 

and  Figures  A-l  through  A-21,  respectively. 


Applied  Loads 


A. 4 The  lock  and  dam  monoliths  were  investigated  for  two  case 
loadings  as  given  below: 

a . Normal  operating  condition: 

(1)  Upper  guide,  land,  and  lower  guide  wall  monoliths: 
the  most  critical  loadings  of  upper  pool,  lower  pool, 
and  saturation  level  in  backfill.  Also,  dead  load, 
uplift,  tow  impact,  hawser  pull,  wind,  and  gate  loads 
were  used  when  applicable. 

(2)  Middle  and  river  wall  monoliths:  Normal  lower  and 

upper  pools,  uplift,  impact,  hawser  pull,  wind,  and 
gate  loads  as  applicable  were  considered  in  this  case. 

b.  Maintenance  or  dewatered  condition:  Backfill,  gate,  dead 

loads,  and  uplift  were  considered.  The  saturation  levels 
in  the  backfill  were  used  as  given  in  Table  A. 2.  Impact, 
hawser  pull,  and  wind  loads  were  applied  according  to  the 
situation. 


A-l 


A. 5 The  standard  procedure  was  to  analyze  three-dimensional  mono- 
liths unless  the  geometry  was  uniform  enough  or  could  be  closely  approx- 
imated in  order  that  a two-dimensional  section  of  unit  depth  could  be 
used  to  represent  the  stability  of  the  total  monolith.  All  sections 
were  viewed  from  upstream  looking  downstream.  Forces  acting  toward  the 
right,  downward,  and  clockwise  moments  are  considered  positive.  In  all 
cases,  the  lower  left-hand  corner  of  the  monolith  was  used  as  the  center 
of  moments. 

A. 6 Approximations  were  necessary  concerning  several  significant 
factors  which  affect  the  stability  analysis;  these  approximations  are 
discussed  below. 

A. 7 The  location  of  the  resultant  soil  pressure  was  considered 
to  be  as  suggested  in  Engineer  Manual  EM  1110-2-2602  for  walls  supported 
on  rock  foundations: 

a.  0.38H  above  the  base  for  horizontal  or  downward  sloping 
backfill. 

b.  0.45H  above  the  base  for  upward  sloping  backfill. 

It  was  concluded  from  EM  1110-2-2502,  that  the  magnitude  of  horizontal 
soil  force  on  the  landside  of  the  monolith  can  be  computed  by  using  a 
linear  distribution  of  earth  pressure. 

A. 8 In  the  case  of  Montgomery  Locks  and  Dam,  with  the  gravity 
walls  supported  on  component  rock,  the  "at-rest"  pressure  coefficient  is 
used  as  the  coefficient  of  horizontal  pressure.  A lower  bound  coefficient 
of  at-rest  pressure  was  used.  The  only  way  to  get  experimental  values 
would  be  to  make  a number  of  tests  at  the  lock  and  dam  site  using  the 
actual  backfill  material.  The  scope  of  this  work  in  time  and  funding 
was  not  such  that  this  type  of  testing  was  possible.  On  this  basis,  it 
was  decided  to  estimate  a lower  bound  value.  This  lower  bound  was  ob- 
tained by  considering  the  value  for  sand  (from  dense  to  loosely  com- 
pacted) as  0.45  to  0.55;  for  silt,  0.6;  and  for  clay,  from  0.7  to  1.0. 

It  is  reasonable,  therefore,  to  use  a lower  bound  at-rest  earth  coeffi- 


A. 9 The  unit  weight  of  concrete,  drained  backfill  material,  and 

3 3 

saturated  backfill  material  was  used  as  151.3  lb/ft  , 120.7  lb/ft  , and 
137.9  lb/ft\  respectively. 

A.  10  Barge  impact  loads  were  applied  on  the  basis  of  design  loads 
used  for  locks  previously  constructed  with  considerations  given  in 
EM  1110-2-2602.  The  loads  which  were  used  are: 

a.  Lock  chamber  walls:  800  lb/ft  but  not  less  than  40,000  lb 

per  monolith. 

Other  walls:  2500  lb/ft  but  not  less  than  120,000  lb  per 

monolith. 

The  barge  impact  was  considered  as  acting  5 ft  above  the  waterline  and 
was  combined  with  the  most  severe  normal  loading  conditions. 

A. 11  A hawser  pull  of  24,000  lb  was  applied  5 ft  above  pool  height 
and  was  considered  distributed  over  a monolith  length  of  about  30  ft. 

A. 12  When  considering  gate  load,  hawser  pull,  impact  loads,  etc., 
which  act  on  a localized  area  of  the  monolith,  the  loads  were  distri- 
buted on  a per  foot  basis  when  a two-dimensional  stability  analysis  was 
made.  This  is  accurate  enough  for  stability  analysis  but  is  not  accu- 
rate enough  when  considering  localized  stresses. 

A.  13  Ice  loads  would  make  some  case  loadings  more  critical. 

Design  Criteria 

A. 14  The  monoliths  were  checked  for  overturning  by  considering 
where  the  resultant  intersected  the  monolith  base.  These  results  were 
expressed  as  a percent  of  effective  base. 

A. 15  Resistance  to  overturning  was  considered  adequate  if  the  re- 
sultant fell  outside  the  kern  but  within  the  middle  half  of  the  base  for 
normal  operation  cases  using  "at-rest"  earth  pressure  coefficients.  The 
resultant  for  the  extreme  maintenance  condition  using  "at-rest"  earth 
pressures  was  considered  adequate  if  it  fell  outside  the  kern  but  within 
the  middle  half  of  the  base. 


A- 3 


A. 16  The  criteria  for  determining  resistance  to  sliding  are  given 
in  ETL  1110-2-184  and  the  safety  factors  are  listed  in  ETL  1110-2-22. 

A. 17  There  are  no  problems  in  engineering  concepts  if  the  total 
base  pressure  is  compressive  because  for  massive-rigid  structures  it 
can  be  obtained  rather  accurately  by  f = P/A  + Mc/I  considering  the 
total  area  of  the  base.  The  problem  arises  when  the  monolith  just  rests 
on  a foundation  and  part  of  the  base  is  in  tension,  which  in  reality 
cannot  exist.  If  the  total  base  is  used  in  the  analysis  when  part  of 
the  area  is  noneffective  (shows  tension),  the  equilibrium  equations  are 
not  fven  satisfied.  The  way  to  determine  the  base  pressures  is  to 
consider  only  the  effective  part  of  the  monolith  base — that  which  is  in 
compression.  This  will  be  done  and  the  effective  area  for  a rectanglar 
base  is  derived  below. 

A. 18  Consider  the  resultant  force  "x"  distance  from  the  left  toe 
of  the  monolith  and  solve  the  equation  f = P/A  - Mc/I  when  the  stress 
(f)  equals  zero. 
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solving  d = 3x  valid  for  b > d > 0 . 

A.  19  The  above  derivation  is  for  a two-dimensional  section  with  a 
unit  depth  of  1 ft.  The  stress  is  then: 


Py  <*> 


^ i(3x) 


f = 


9 P 

£ JL 
3 x 


If  the  resultant  falls  outside  the  base,  the  monolith  should  begin  to 
overturn.  By  conventional  design,  the  resultant  falls  outside  the  base 
for  some  of  the  lock  monoliths.  This  is,  in  reality,  not  the  case  be- 
cause the  monoliths  are  in  relatively  good  alignment. 

A. 20  In  as  many  years  as  the  lock  has  been  in  operation,  the  mono- 
liths have  not  shown  excessive  settlement  or  misalignment;  therefore, 
the  resultant  of  all  forces  acting  on  them  must  fall  within  the  base. 

This  means  that  the  conventional  analysis  is  not  considering  some  factor 
or  factors.  These  factors  are  probably  ones  which  are  not  dependable 
enough  at  this  point  of  study  to  be  justified  in  good  engineering  design. 
For  example,  such  factors  could  be: 

a_.  The  force  required  to  shear  a failure  wedge  from  behind 
the  monolith  as  would  have  to  happen  for  tilting  of  the 
monolith  to  begin. 

_b.  The  degree  of  uplift,  which  we  are  using  in  the  design, 
may  be  greater  then  the  actual  situation. 

c_.  A refinement  in  parameters  and  calculation  methods  is 

needed  to  more  accurately  obtain  a horizontal  soil  force 
against  the  monoliths. 

A- 5 


A..  1 .'her.  arc  no  criteria  for  calculating  pressures  when  the 
resultant  fails  * itsiie  the  base;  all  the  pressure  would  be  on  the  toe 
" the  monolith  pi  vine  large  pressures;  therefore,  a value  of  "oo"  is 
given  f >r  these  base  pressures  in  Table  A.l. 

A.  ST  The  above  is  supplemental  information  for  stability  consid- 
erations and  makes  no  analyses  or  conclusions  concerning  the  monoliths 
of  Mi  ntgomery  Locks  and  Dam.  The  analyses  and  conclusions  are  given  in 
Section  5. 


Stability  Computations 

A.L 3 Stability  computations  are  shown  in  the  following  tables 
and  figures. 
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Table  A. 1 (Concluded) 


Table  A.  2 


Saturat. i on  Levels  > .o  Use  in  the  Backfill 
of  the  band  Wall  Monoliths 


Sections  of 
Land  Side  Lock 
Wall 


Saturation  Elevations  for 
Normal  Operating 
Conditions 


Upper  guide 
wall  monolith 


Upper  gate 
monoliths 


One-half  way  between 
upper  pool  and  the  top 
of  lock  wall 

Upper  pool  elevation 


Lock  chamber 
monoliths 


Lower  gate 
monoliths 

Lower  guide 

wall  monoliths 


One-half  way  between 
upper  pool,  and  lower 
pool  elevations 

One-half  way  between 
upper  pool  and  lower 
pool  elevations 

One-half  way  between 
upper  pool  and  lower 
pool  elevations 


Saturation  Elevations  for 
Extreme  Maintenance 
Conditions 


Upper  pool  elevation 


Three-fourths  way  between 
upper  pool  and  lower 
pool  elevations 

Three- fourths  way  between 
upper  pool  and  lower 
pool  elevations 

One-half  way  between 
upper  pool  and  lower 
pool  elevations 
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